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INTRODUCTION
W ith  th e  d eve lop m en t o f  t r a n s p o r t a t io n ,  s to r a g e  
f a c i l i t i e s ,  and ch a n g es in  c u l t u r a l  and f e r t i l i z a t i o n  
p r a c t i c e s ,  new p rob lem s h ave  a r i s e n  in  th e  f i e l d  o f  t r e e  
f r u i t  grow in g  and h a n d lin g *  ka  a r e s u l t  o f  t h e s e  c h a n g e s ,  
th e  a b i l i t y  t o  p la c e  a c c e p t a b le  f r u i t  on th e  r ig h t  m arket 
a t  th e  r ig h t  t im e  h a s  come to  b e  o f  in c r e a s in g  im p ortan ce  
f o r  f i n a n c i a l l y  s u c c e s s f u l  f r u i t  g r o w in g , and th e  grow er  
h a s  had to  conform  to  th e  demands o f  d i s t a n t  m a r k e ts , and 
t o  com pete w ith  f a r  rem oved p r o d u c t io n  c e n te r s  a s  n e a r ly  
a s  th e  n a tu r e  o f  h i s  p ro d u ct a llo w ed *
W ith many f r u i t s  and t h e i r  v a r i e t i e s ,  e a r l i n e s s  
h a s  c o n s i s t e n t l y  n e e te d  a premium t o  th e  grow er o v e r  th e  
b u lk  o f  th e  same crop  o r  v a r ie t y  to  r e a c h  th e  m arket* To 
b e n e f i t  from  t h e s e  h ig h e r  p r i c e s  th e  grow er l i k e s  to  r e ­
move h i s  f r u i t  from  th e  t r e e  a s  soon  a s  p o s s i b l e ,  and I s  
o f t e n  tem p ted  t o  do so b e f o r e  th e  f r u i t  h a s  r e a c h e d  an  
a c c e p ta b le  s ta g e  o f  m a tu r ity * #  The e x p o r t  m arket f o r  
a p p le s  demands f r u i t  o f  c o m p a r a t iv e ly  sm a ll s i z e ,  o f t e n  
o b ta in e d  by th e  f r u i t  b e fo r e  m a tu r ity ,  and a f f o r d s  a n o th e r  
exam ple o f  c o n d i t io n s  under w h ich  th e  grow er I s  tem p ted  t o  
h a r v e s t  h i s  f n o i t  b e fo r e  i t  i s  s u f f i c i e n t l y  m ature#
>#The word "m ature” , a s  u sed  in  t h i s  p ap er  in  r e f e r e n c e  
t o  a s ta g e  o f  f r u i t  d e v e lo p m e n t, may b e d e f in e d  a s :  
h a v in g  rea ch ed  t h a t  s t a t e  o f  d evelop m en t th e  f r u i t  m ust 
o b t a in  t o  c o n t in u e  th e  r ip e n in g  p r o c e s s e s  w ith  f u l l  
d eve lop m en t o f  c h a r a c t e r i s t i c  q u a l i t y  and ap p earan ce  
a f t e r  rem oval from  th e  t r e e  and un der norm al c o n d i t io n s  
o f  s to r a g e #
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To c u r t a i l  su ch  p r a c t i c e s ,  and t o  in s u r e  t h e  con­
sum er a p ro d u ct o f  f a i r l y  u n ifo rm  and good q u a l i t y ,  
c e r t a i n  S t a t e s  and th e  F e d e r a l Government h a v e  had to  s e t  
up r e g u la t o r y  and i n s p e c t i o n  s e r v i c e .
The problem  i s  n o t  s o lv e d  s im p ly  w ith  Government 
s u p e r v is io n  o f  th e  h a r v e s t ,  h o w ev er , b u t w i l l  be s o lv e d  
o n ly  when m ethods have b een  d e v e lo p e d  w h ich  w i l l  a l lo w  
b o th  th e  in s p e c t io n  s e r v ic e  and th e  grow er to  a c c u r a t e ly  
m easure th e  c o n d i t io n  o f  h i s  f r u i t  b e fo r e  i t  i s  removed 
from  th e  t r e e *  F u r th e r , w ith  th e  u se  o f  su ch  m eth o d s , we 
m ust be r e a s o n a b ly  su re  o f  th e  c o n d i t io n  and q u a l i t y  w h ich  
th e  f r u i t  w i l l  o b ta in  a t  th e  tim e  i t  i s  p la c e d  on th e  r e ­
t a i l  m a rk et.
W ith m ost v a r i e t i e s  o f  a p p le s  th e  p ic k in g  d a te  may 
v a r y  o v e r  a c o n s id e r a b le  p e r io d  w ith o u t  m a t e r ia l ly  a f f e c t ­
in g  th e  q u a l i t y  o f  th e  m ark eted  p r o d u c t . A c e r t a i n  s ta g e  
o f  m a tu r ity  may o c c u r , h o w ev er , when th e  f r u i t  w i l l  n o t  
o b ta in  s a t i s f a c t o r y  q u a l i t y  i f  p ic k e d  a t  o r  p r io r  t o  t h i s  
s t a g e .  From t h i s  i t  i s  a p p a ren t t h a t  a f r u i t  may be 
d e f in e d  a s  m ature when i t  has r ea c h e d  su ch  a s t a g e  in  i t s  
d evelop m en t th a t  th e  r ip e n in g  p r o c e s s e s  w i l l  p r o c e e d  in  
su ch  a manner t h a t  f r u i t  c h a r a c t e r i s t i c  o f  th e  v a r ie t y  in  
ap p earan ce and e d i b l e  q u a l i t y  w i l l  o b t a in  a f t e r  rem oval 
from  th e t r e e .  The problem  i s :  t o  m easure th a t  s ta g e  o f  
m a t u r ity  i n  th e  a p p le .
The d e te r m in a t io n  o f  m a tu r ity  by p h y s ic a l  or c h e m ic a l  
m ethods sh o u ld  in v o lv e  o n ly  s im p le  m easu rem en ts, e a s i l y  made 
and u n d e r s to o d  by  th e  grow er a s w e l l  a s  th e  in s p e c t o r ;  sh o u ld
be made a t  th e  o r ch a rd ; and sh o u ld  in v o lv e  o n ly  a compara­
t i v e l y  s m a l l ,  random sam ple o f  f r u i t  from  th e  t r e e s  in  
q u e s t io n #  Any change w h ich  t h e  f r u i t  n o r m a lly  u n d e rg o e s  
d u r in g  m a tu r a t io n , w h eth er  v i s i b l e  o r  i n v i s i b l e ,  w ould  be  
s u i t a b l e  a s  an in d e x  o f  m a tu r ity  a s  lo n g  a s  i t  c o u ld  be 
r e a d i ly  m easured  and w ould  be c o n s ta n t  in  a p p l i c a t io n  from  
y e a r  to  y e a r  f o r  a g iv e n  v a r ie t y  in  a g e n e r a l  l o c a t i o n  or  
f r u i t  p ro d u cin g  r eg io n #
In  some in s t a n c e s  su ch  in d ic e s  have b een  d e v e lo p e d  
f o r  c e r t a i n  f r u i t s ,  and h ave o b ta in e d  g e n e r a l  r e c o g n i t io n  
and w ide a p p l ic a t io n #  F or  ex a m p le , on th e  w e s t  c o a s t ,  
h a r v e s t in g  o f  p e a r s ,  e s p e c i a l l y  th e  B a r t l e t t  v a r i e t y ,  i s  
l a r g e l y  r e g u la te d  b y  th e  in d e x  known a s  th e  " p r e ssu r e  
t e s t , "  w h ich  m easu res th e  r e s i s t a n c e  o f  th e  f l e s h  to  th e  
p e n e t r a t io n  o f  a p lu n g e r  o f  g iv e n  s p e c i f i c a t i o n s  in t o  th e  
f l e s h  f o r  a g iv e n  dep th #  E x p e r ie n c e  h a s  shown t h a t  th e  
p r e s s u r e  t e s t  d e c r e a s e s  a s  th e  f r u i t  m a tu r e s , and t h a t  f o r  
g iv e n  l o c a l i t i e s , . .w h e n  i t  r e a c h e s  a c e r t a i n  l e v e l ,  th e  f r u i t  
w i l l  m ature p r o p e r ly  a f t e r  rem oval from  th e  t r e e #  W hile  
t h i s  in d e x  i s  e m p ir ic a l ,  I t  I s  q u ic k ly  and e a s i l y  made and  
h a s  s to o d  th e  t e s t  o f  com m ercia l a p p l i c a t io n ,  and i s  t h e r e ­
f o r e  a good in d ex#  W ith s to n e  f r u i t s  su ch  a s  th e  plum and  
a p r i c o t ,  c o lo r  c h a n g e s  a r e  v e ry  marked a s  m a tu r ity  a p p r o a c h e s , 
and p ic k in g  recom m endations have been  made u s in g  th e s e  c h a n g es  
a s  an in d ex #
In  th e  c a s e  o f  th e  a p p le ,  h ow ever , no su ch  s a t i s f a c t o r y  
in d e x  h a s  b een  found# W hile c e r t a i n  s t a g e s  o f  m a tu r ity  a re  
e a s i l y  r e c o g n iz e d  by th e  grow er and in s p e c t o r  a l i k e ,  th e
d e te r m in a t io n  o f  th e  c r i t i c a l  s t a g e s  o f  m a tu r ity ,  in c lu d in g  
th e  e a r l i e s t  p o s s i b l e  p ic k in g  d a t e ,  a r e  s t i l l  l a r g e l y  a 
m a tte r  o f  p e r s o n a l  o p in io n  and e x p e r ie n c e #  Such p e r s o n a l  
judgm ent i s  an u n s a t i s f a c t o r y  in d ex #
I t  w as th e  p u rp o se  o f  t h i s  i n v e s t i g a t i o n  to  s tu d y  
c e r t a i n  p h y s ic a l  and c h e m ic a l ch a n g es w h ich  th e  a p p le  
n o r m a lly  u n d e rg o e s  a s  m a tu r ity  a p p r o a c h e s , and where  
p o s s i b l e ,  to  a s s o c i a t e  t h e s e  w ith  th e  q u a l i t y  o f  th e  f r u i t  
p ic k e d  a t  v a r io u s  s t a g e s  o f  m a tu r ity  d u r in g  and a f t e r  
s to r a g e #  M e q u a te  in d ic e s  to  m easure m a tu r a tio n  in  th e  
a p p le s  th u s  m igh t be d ev e lo p ed #
LITERATURE REVIEW 
M an's o b s e r v a t io n s  on th e  m a tu r ity  o f  f r u i t s  
p r o b a b ly  began  when he f i r s t  s t a r t e d  u s in g  th e  f r u i t s  o f  
w ild  t r e e s  n a t iv e  t o  h i s  la n d  f o r  fo o d  p u rp o ses#  The 
b e t t e r  q u a l i t y  a s s o c ia t e d  w ith  th e  more a t t r a c t i v e  ap­
p ea ra n ce  o f  th e  m ature f r u i t ,  and th e  s o f t e n in g  o f  th e  f r u i t  
w it h  th e  in c id e n c e  o f  m a tu r ity  were p r o b a b ly  r e c o g n iz e d  in  
p r e h i s t o r i c  t im es#  T h ese  tw o f a c t o r s  have b een  so  a s s o c ia t e d  
w ith  f r u i t  m a tu r ity ,  and h en ce  good q u a l i t y ,  th ro u g h  th e  
a g e s ,  t h a t  now we u n c o n s c io u s ly  t e s t  f r u i t  w ith  th e  thumb t o  
d e ter m in e  i t s  h a r d n e s s  when b u y in g , and a r e  a lw a y s  a t t r a c t e d  
by th e  b r i g h t l y  c o lo r e d  p rod u ct#  U n t i l  c o m p a r a t iv e ly  r e c e n t  
t im e s ,  when t r a n s p o r t a t io n  and s to r a g e  o f  f r u i t  h a s  r e v i s e d  
our m ethods o f  grow ing  and h a n d lin g ,  t h e s e  e s t im a t e s  o f  
m a tu r ity  were s u f f i c i e n t #  M arkets w ere l o c a l ,  and compe­
t i t i o n  was n o t b etw een  w id e ly  s e p a r a te d  r e g io n s ,  a s  i t  o f t e n  
i s  now#
The p ic k in g  o f  r e l a t i v e l y  im m ature f r u i t  by grow ers  
h a s  in c r e a s e d  in  o r d e r  t h a t  th e y  m ig h t m eet th e  demands o f  
d i s t a n t  m a rk ets  and o f  s to r a g e  r eq u ire m en ts#  The r e s e a r c h  
i n v e s t i g a t o r  h a s r e c o g n iz e d  t h i s  f o r  some t im e ,  and th e r e  
have b een  many a t t e m p ts ,  some s u c c e s s f u l ,  b u t many f a i l u r e s ,  
t o  m easure f r u i t  m a tu r ity  in  term s o f  f i g u r e s  and f a c t s ,  and  
t o  t h e r e b y  s ta n d a r d iz e  h a r v e s t  p r a c t i c e s  and to  in s u r e  th e  
consum er a p ro d u ct o f  u n ifo r m , h ig h  q u a l i t y ,  and th e  grow er  
th e  b e n e f i t s  to  be o b ta in e d  th e re b y #
Some o f  t h e s e  a t te m p ts  have b een  to  s ta n d a r d iz e  and  
m easure th o s e  p h y s ic a l  ch a n g es w h ich  f r u i t s  undergo d u r in g  
m a tu r a t io n , and w h ich  have been  r e c o g n iz e d  in  t h e i r  more 
g e n e r a l  a s p e c t s ,  su ch  a s  s o f t e n in g  and c o lo r  d ev e lo p m en t;  
o t h e r s  h ave  b een  t o  c o r r e la t e  th e  i n v i s i b l e  c h e m ic a l and  
p h y s i c a l  c h a r a c t e r i s t i c s  o f  th e  f r u i t  w ith  th e  m a tu r a tio n  
p r o c e s s e s #
The d eve lop m en t o f  m ethods d e s ig n e d  t o  sh ed  l i g h t  on  
t h e s e  p rob lem s o f  m ea su r in g  m a tu r a tio n  ch a n g es  i n  th e  a p p le  
and r e la t e d  f r u i t s  a r e  r e v ie w e d  below #
The P r e ssu r e  T e s t # The d eve lop m en t o f  th e  " p ressu re  
t e s t "  by M um eek (5 8 )  a t  O regon was th e  d i r e c t  r e s u l t  o f  
a t te m p t in g  t o  s ta n d a r d iz e  th e  o ld  p r a c t i c e  o f  t e s t i n g  f r u i t  
f o r  h a r d n ess  w ith  t h e  thumb# The o r i g i n a l  t e s t  m easured  on 
a pan b a la n c e  th e  r e s i s t a n c e  o f  t h e  f l e s h  o f  th e  f r u i t  to  th e  
p e n e t r a t io n  o f  a m arble in to  th e  f l e s h ,  b u t h a s  b e e n  con­
s id e r a b ly  r e f in e d  u n t i l  th e  p r e s s u r e  t e s t e r  d e s ig n e d  and  
d e s c r ib e d  by  M agness and T a y lo r  (5 6 )  i s  now c o n s id e r e d  
s ta n d a r d  f o r  a p p le s  and p e a r s#  T h is  in s tr u m e n t m easu res in
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pounds th e  r e s i s t a n c e  o f  th e  f l e s h  o f  th e  f r u i t  o f  a p p le s  
and p e a r s  to  a s ta n d a r d  p lu n g e r  7 /1 6  in c h e s  in  d ia m e te r  
p e n e t r a t in g  th e  f r u i t  f l e s h  5 /1 6  in c h e s*  A l le n  ( 1 ) ,
M um eek ( 5 8 ) ,  and Hartman ( 3 8 ) ,  L e w is , M urneek, and Gate  
(4 9 )  and o th e r s  have had m arked s u c c e s s  in  a p p ly in g  t h i s  
in s tr u m e n t i n  th e  m easurem ent o f  m a tu r ity  o f  th e  p e a r ,  and  
i t  i s  now c o n s id e r e d  a s ta n d a r d  in d e x  o f  m a tu r ity  f o r  p e a r s  
i n  t h e  w e s t ,  e s p e c i a l l y  when u sed  in  c o n ju n c t io n  w ith  c o lo r  
e s t im a te s *  H ow ever, an e q u a l ly  e x t e n s iv e  number o f  i n v e s t i ­
g a t o r s  ( 2 4 ,  3 4 , 3 5 , 3 8 ,  5 0 ,  5 2 ,  5 3 ,  5 4 ,  6 3 , 7 2 , 8 0 ) have  
had l i t t l e  s u c c e s s  i n  a p p ly in g  th e  p r e s s u r e  t e s t  t o  th e  
a p p le  a s  an in d e x  o f  m a tu r ity *  The r e s u l t s  h ave b e e n  
h i g h l y  v a r ia b le ,  b o th  w ith  th e  same v a r i e t y  i n  th e  same 
g e n e r a l l o c a l i t y ,  and i n  d i f f e r e n t  y e a r s .  As a r u le  th e  
p r e s s u r e  t e s t  o f  a p p le s  d id  n o t  change m a t e r i a l l y  d u r in g  
th e  m a tu r a t io n  p e r io d ,  and su ch  d i f f e r e n c e s  a s  w ere n o t ic e d  
w ere n o t  s u f f i c i e n t  to  be o f  s i g n i f i c a n t  v a lu e *  'fh u s,
N e l le r  and O v er ly  (6 3 )  w ork in g  w ith  th e  D e l ic io u s  v a r ie t y  
i n  W ash ington  fou n d  a d e c r e a s e  o f  o n ly  0*3  pounds from  
Septem ber 2 t o  O ctob er  1 4 J Jon ath an  d e c r e a s e d  0*6 pounds 
from  A u gust 19 t o  O ctob er 7 ,  and B urroughs (1 3 )  fo u n d  a 
d e c r e a s e  o f  o n ly  0*75  pounds d u r in g  th r e e  w eek s c o v e r in g  
th e  com m ercia l h a r v e s t  o f  th e  W agener v a r ie t y *  As may be  
r e a d i ly  a p p r e c ia t e d ,  t h e s e  ch a n g es are  much to o  s m a ll  t o  
be o f  v a lu e  a s  a m a tu r ity  in d e x  when a lm o st d a i l y  d i f f e r e n c e s  
o f  s i g n i f i c a n t  v a lu e  a r e  d e s ir e d *  T hese c h a n g es  a re  among 
th e  s m a l le s t  fo u n d , and Hartman (3 8 )  u s in g  th e  J o n a th a n ,  
G rim es, and O r t le y  v a r i e t i e s  fo u n d  a d e c r e a s e  o f  1 t o  3
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pounds d u r in g  th e  th r e e  w eek s p e r io d  c o v e r in g  th e  range o f  
th e  com m ercia l h a r v e s t  s e a s o n  o f  t h e s e  v a r i e t i e s  i n  Oregon# 
M agness and D ia h l (5 2 )  fo u n d  somewhat g r e a t e r  d i f f e r e n c e s  
w ork in g  w ith  W in esap , Ben D a v is ,  Rome B e a u ty , and D e l ic io u s  
v a r i e t i e s  grown a t  A r l in g t o n ,  V ir g in ia #  The d e c r e a s e s  w ere  
from  5 t o  8  pounds f o r  th e  f i r s t  th r e e  v a r i e t i e s  in  th e  
ap p rox im ate  h a r v e s t  ran ge  o f  th r e e  w e e k s , e x c e p t  f o r  t h e  
D e l ic io u s  v a r i e t y  w h ich  showed a d e c r e a s e  o f  o n ly  2 pounds 
d u r in g  th e  tw o w eek s from  Septem ber 15 t o  30# T h is  de­
c r e a s e  v a r ie s  from  o n e - fo u r th  to  o n e - t h ir d  pounds p e r  d a y , 
b u t t e s t s  were made o n ly  d u r in g  th e  l a t t e r  p a r t  o f  t h e  
p ic k in g  s e a s o n ,  so  t h e  r e s u l t s  may n o t  be  a p p l ie d  to  th e  
c r i t i c a l  s t a g e s  o f  e a r l y  m a tu r ity #  M agness, P i© h i, H a l le r ,  
e t*  a l  (5 4 )  wo ik in g  w ith  a la r g e  number o f  v a r i e t i e s  grown 
i n  s e v e r a l  w id e ly  s e p a r a te d  l o c a l i t i e s ,  fou n d  i n  g e n e r a l  
t h a t  th e  p r e s s u r e  t e s t  d e c r e a se d  th ro u g h o u t th e  s e a o n , b u t  
t h a t  th e  ch a n g es w ere s l i g h t ,  and a t  no tim e o f  v a lu e  a s  
a m easure o f  m a tu r ity #  F u r th e r , t h e y  fou n d  th a t  th e  p r e s s u r e  
t e s t  f o r  a g iv e n  v a r i e t y  v a r ie d  w id e ly  in  d i f f e r e n t  s e c t i o n s ,  
and th a t  th e  r a t e  o f  d e c r e a se  v a r ie d  c o n s id e r a b ly ,  ev en  in  
d i f f e r e n t  s e c t i o n s  o f  one l o c a l i t y #  They a l s o  fou n d  t h a t  
th e  p r e s s u r e  t e s t  v a r ie d  c o n s id e r a b ly  from  y e a r  to  y e a r  f o r  
a g iv e n  v a r ie t y  grown in  th e  same l o c a t i o n ,  and c o n c lu d e d  
t h a t  th e  p r e s s u r e  t e s t  was n o t  an ad eq u ate  in d e x  o f  m a tu r ity ,  
a lth o u g h  i t  c o u ld  be u sed  a s  §n e s t im a te  o f  p o s s i b l e  s to r a g e  
l i f e  o f  th e  f r u i t ,  a s  w i l l  be shown la t e r #
A la r g e  group o f  i n v e s t i g a t o r s  have a tte m p te d  t o  
m easure th e  e f f e c t  o f  v a r io u s  f e r t i l i z e r s  on th e  k e e p in g
q u a l i t y  o f  a p p le s ,  and t e s t e d  th e  f r u i t  a t  h a r v e s t  and 
a t  v a r io u s  t im e s  th r o u g h o u t th e  s to r a g e  p e r io d  w ith  th e  
p r e s s u r e  t e s t e r  a s  a m easure o f  h a r d n ess*  W ein berger  
(8 0 )  t e s t e d  th e  e f f e c t  o f  p o ta s s iu m  f e r t i l i z e r s  and 
fou n d  t h a t  th e y  had no e f f e c t  on th e  p r e s s u r e  t e s t  o f  
W ill ia m s , Staym an, and York v a r i e t i e s *  Degman (2 4 )  
t e s t e d  th e  e f f e c t  o f  n i t r o g e n  f e r t i l i z e r s  on th e  
k e e p in g  q u a l i t y  and p r e s s u r e  t e s t  o f  th e  Staym an,
W ill ia m s , and York v a r i e t i e s ,  and fou n d  no in f lu e n c e  
o f  f e r t i l i z e r  on e i t h e r  k e e p in g  q u a l i t y  or p r e s s u r e  
t e s t *  G ou rley  and H opkins (3 1 ) c o r r o b o r a te d  th e  
r e s u l t s  o f  Degman and W einberger (2 4 )  w ith  Staym an,
J o n a th a n , W ea lth y , and M cIn tosh  v a r i e t i e s  grown in  
O h io , M agness and 0 v e r l e y ( 5 5 ) ,  A ld r ic h  ( 2 ) ,  G ou rley  
and H opkins ( 3 2 ) ,  P la g g e  and G erhardt ( 6 9 ) ,  and o th e r s  
have added more e v id e n c e  to  f a i l u r e  o f  f e r t i l i z e r s  t o  
s i g y i i f i c a n t l y  e f f e c t  th e  p r e ssu r e  t e s t  o f  a p p le s .
The above r e s u l t s  h ave been o b ta in e d  in  a t te m p t in g  
t o  e x p la in  th e  d i f f e r e n c e s  o f t e n  o b ser v ed  in  th e  grow th  and 
develop m en t o f  a p p le s  under d i f f e r i n g  c o n d it io n s  o f  f e r t i ­
l i t y ,  w hich grow ers have o f t e n  c o n s id e r e d  to  have a m a te r ia l  
e f f e c t  on th e  m a tu r a t io n  and k e e p in g  q u a l i t y  o f  th e  f r u i t ,  
P la g g e  ( 7 0 ) ,  K now lton and Hoffman ( 4 7 ) ,  V erner ( 7 9 ) ,  M agness, 
£> ieh l, and H a lle r  (5 3 , 5 4 ) , A ld r ic h  ( 2 ) ,  have a l l  o b ta in e d  
r e s u l t s  w ith  a w id e ra n g e  o f  v a r i e t i e s  under a w ide range  
o f  c o n d i t io n s  i n d ic a t in g  t h a t  any p o s s ib le  e f f e c t s  o f  f e r t i ­
l i z e r  on th e  k e e p in g  q u a l i t y  o r  th e  p r e ssu r e  t e s t  o f  a p p le s  
can b e  more r e a d i l y  a c c o u n te d  f o r  fey d i f f e r e n c e s  In  t r e e  
grow th  and o th e r  seco n d a ry  f a c t o r s  th a n  by th e  d i r e c t  e f f e c t
o f  th e  m in e r a l  n u t r ie n t  used #  V e r n e r ^  r e s u l t s  w ith  York 
Im p e r ia l  and B la ck  Tw ig a r e  e s p e c i a l l y  I l lu m in a t in g  in  t h i s  
regard #  W hile he fou n d  th a t  th e  p r e s s u r e  t e s t  a v e ra g e d  
2 0 # 6  pounds a t  th e  tim e  o f  p ic k in g  when n i t r o g e n  was 
a p p l ie d  and 23#4 pounds when no n i t r o g e n  was a p p l ie d ,  t  he 
a p p l ic a t io n  o f  f e r t i l i z e r s  had in c r e a s e d  th e  s i z e  o f  th e  
f r u i t ,  c a u se d  th e  fo r m a tio n  o f  more l e a f  a r e a  p e r  f r u i t ,  
and su b seq u e n t sh a d in g  o f  th e  f r u i t ,  and o th e r  su ch  c h a n g e s ,  
a s  c o l o r ,  t h a t  w ould a f f e c t  th e  q u a l i t y  o f  th e  f r u i t  a t  th e  
tim e  o f  h a r v e s t ,  and h en ce  i t s  s to r a g e  q u a l i t y #  The v/ork o f  
H a lle r  and M agness (3 5 ) showed d e f i n i t e l y  t h a t  l e a f  a rea  
p er  f r u i t  a f f e c t e d  f r u i t  q u a l i t y ,  a t  l e a s t  t h i r t y  l e a v e s  
p er f r u i t  b e in g  n e c e s s a r y  f o r  th e  b e s t  d eve lop m en t o f  
f l a v o r ,  and th a t  w here th e  l e a f  area  became e x c e s s i v e ,  
sh a d in g  m ig h t m a t e r ia l ly  e f f e c t  th e  d eve lop m en t o f  c o lo r  and  
s to r a g e  q u a l i t y  o f  th e  f i u i t #  The work o f  P la g g e  (7 0 )  in d i ­
c a te d  t h a t  s u c c e s s iv e  a p p l i c a t io n s  o f  n i t r o g e n  to  th e  t r e e  
in c r e a s e d  th e  s u s c e p t i b i l i t y  o f  Grim es and Jon ath an  to  c e r t a in  
p h y s i o l o g ic a l  s to r a g e  d is t u r b a n c e s ,  b u t th e r e  was no e f f e c t  
on th e  p r e s s u r e  t e s t #
In  g e n e r a l ,  th e  r e s u l t s  o f  many e x p e r im e n ts  d e s ig n e d  
to  t e s t  th e  e f f i c i e n c y  o f  th e  p r e s s u r e  t e s t  a s  an in d e x  o f  
m a t u r i t y  and a s  a m easure o f  th e  e f f e c t  o f  c u l t u r a l  con­
d i t i o n s  in  r e l a t i o n  t o  k e e p in g  q u a l i t y  o f  th e  f r u i t  have  
y i e l d e d  o n ly  n e g a t iv e  r e s u l t s #  The v a lu e  o f  th e  p r e s su r e  
t e s t  a s  an in d e x  o f  m a tu r ity  may be sum m arized in  th e  w ords 
o f  M agness#
“The r a te  o f  s o f t e n in g  seem ed t o  be r a th e r  v a r ia b le  
. . . .  and i n d ic a t e s  t h a t  th e  h a r d n ess  o f  th e  f r u i t  
a s  a t e s t  f o r  p ic k in g  w i l l  n eed  be u sed  w ith  con­
s id e r a b le  c a u t io n # 11
Hartman (3 8 )  in  m aking a c r i t i c a l  s tu d y  o f  th e  
p r e s s u r e  t e s t  a s  a p p l ie d  to  th e  p e a r  fou n d  t h a t :  ( 1 ) th e  
tem p era tu re  o f  th e  f r u i t  a t  th e  tim e  th e  t e s t  i s  m ade, ( 2 ) 
th e  rem oval o f  p a r t  o f  th e  c r o p , (3 )  th e  & u r g id ity  o f  th e  
f r u i t ,  and (4 )  th e  r u s s e t t i n g  and c o lo r in g  o f  th e  f r u i t ,  
a l l  had a marked e f f e c t  on th e  p r e s s u r e  t e s t *  He a l s o  
b e l i e v e s  th a t  su ch  f a c t o r s  a s  c u l t u r a l  c o n d i t io n s  and 
th e  le n g t h  o f  th e  grow ing  se a so n  may a f f e c t  th e  p r e s s u r e  
t e s t *  The o b s e r v a t io n s  o f  M agness, D ie h l ,  H a l le r ,  e t*  a l*  
( 5 4 ) s u b s t a n t ia t e  t h i s  v iew  in  th e  c a s e  o f  a p p le s ,  a s  in  
t h e i r  e x t e n s iv e  t e s t s  a v a r ie t y  grown in  n o r th e r n  r e g io n s  
w ith  a r e l a t i v e l y  sh o r t  grow ing s e a so n  was a lw a y s more 
f ir m  th a n  th e  same v a r i e t y  grown fu r t h e r  s o u th , a lth o u g h  
th e  mean te m p e r a tu r e s  o f  th e  two l o c a l i t i e s  w ere much th e  
same* The o r i g i n a l  work on th e  p r e ssu r e  t e s t  by Murneek
(5 8 )  in d ic a t e d  t h a t  f r u i t  s i z e  had a v e r y  marked e f f e c t  
on th e  p r e s s u r e  t e s t ,  bu t m ost o b s e r v e r s  s in c e  t h a t  tim e  
h ave ta k e n  random sam p les o f  f r u i t ,  and we h a v e  l i t t l e  
d a ta  i n d ic a t in g  th e  mean s i z e  o f  f r u i t  in  m ost o f  th e  work 
c i t e d  above* Degman and W ein berger (2 5 )  and V erner (7 9 )  
c o n s id e r e d  f r u i t  s i z e  in  t h e i r  i n v e s t i g a t i o n s ,  th e  form er  
s e l e c t i n g  f r u i t  o f  u n iform  s i z e  to  overcom e th e  s i z e  in ­
f lu e n c e *  That t h i s  f a c t o r  h a s b e e n  more or l e s s  o v er ­
lo o k e d  i s  s u r p r i s in g ,  f o r  c u l t u r a l  and e n v iro n m en ta l con­
d i t i o n s  u n d o u b ted ly  v a r ie d  w id e ly  w ith  r e s u l t i n g  d i f f e r ­
e n c e s  i n  f r u i t  s i z e ,  w hich  may p o s s i b l y  a c co u n t f o r  some 
o f  th e  r a th e r  w ide d i f f e r e n c e s  fou n d  w it h in  v a r i e t i e s *
In  g e n e r a l ,  h ow ever , th e  m ass o f  e v id e n c e  I n d ic a t e s
t h a t  th e  p r e s s u r e  t e s t  ch an ges to o  s lo w ly  t o  s e r v e  a s  an
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a d e q u a te  in d e x  o f  m a tu r ity  o f  a p p le s ,  and th a t  v a r i a b i l i t y  
in  th e  t e s t  under d i f f e r e n t  c o n d i t io n s  o f  en v iron m en t and  
c u l t u r a l  c o n d i t io n s  m akes i t  u n r e l i a b l e .
F r u i t  S i z e .  W h iteh ou se ( 8 1 ) ,  V ern er ( 7 9 ) ,  and 
M agness and D ie h l  (5 2 )  have shown t h a t  a s  lo n g  a s  w a te r  
su p p ly  and n u t r i e n t s  do n o t  become l i m i t i n g  th e r e  i s  a 
g r a d u a l in c r e a s e  in  f r u i t  s i z e  a s  lo n g  a s  i t  rem ain s on 
th e  t r e e .  H ow ever, th e  g e n e r a l  l e v e l  o f  n u t r i t i o n ,  s i z e  
o f  c r o p , and o th e r  c u l t u r a l  and c l i m a t i c  f a c t o r s  may 
m a rk ed ly  in f lu e n c e  th e  a c t u a l  s i z e  o f  th e  f r u i t .  For  
t h e s e  r e a so n s  f r u i t  s i z e  i s  a poor in d e x  o f  m a t u r i ty ,  a l ­
th o u g h  i t  was u s u a l ly  n o te d  th a t  th e  f r u i t  sh o u ld  o b ta in  
i t s  c h a r a c t e r i s t i c  s i z e ,  a t  l e a s t ,  f o r  th e  c o n d i t io n s  under  
w h ich  i t  was grown b e fo r e  i t  w as h a r v e s t e d .
C o lo r .  C o lo r  i s  a n o th er  commonly u sed  m easure o f  
m a tu r ity  w h ich  h a s  come t o  u s  from  th e  p a s t .  As e a r ly  a s  
1906  C o r b e tt  (1 9 ) made r a th e r  d e f i n i t e  o b s e r v a t io n s  on th e  
e f f e c t  o f  th e  ground c o lo r  o f  Rome B eau ty  a p p le s  a t  th e  
tim e  o f  p ic k in g  on t h e i r  q u a l i t y  in  s t o r a g e ,  and recom ­
mended t h a t  p ic k in g  be d e la y e d  u n t i l  a y e l lo w  ground c o lo r  
d e v e lo p e d . More r e c e n t ly  M agn ess, D ie h l ,  H a l l e r ,  e t .  a l .  
( 5 4 ) s tu d ie d  t h e  d eve lop m en t o f  th e  ground c o lo r  o f  a la r g e  
number o f  v a r i e t i e s  grow in g  under d i f f e r e n t  c o n d i t i o n s ,  and  
d e v e lo p e d  a c h a r t  f o r  th e  more a c c u r a te  m easurem ent o f  
ground c o lo r .  The r e s u l t s  o f  t h e i r  work in d ic a t e d  t h a t  a 
ground c o lo r  v a lu e  o f  3 ,  o r  n e a r ly  y e l lo w ,  sh o u ld  d e v e lo p  
f o r  m ost v a r i e t i e s  b e fo r e  th e  f r u i t  was h a r v e s t e d .  How­
e v e r ,  t h e i r  r e s u l t s  a l s o  showed t h a t  th e  d evelop m en t o f  
ground c o lo r  v a r ie d  w id e ly  under d i f f e r e n t  c o n d i t io n s  and
in  d i f f e r e n t  y e a r s*  V a r ie t a l  d i f f e r e n c e s  are  in v o lv e d  
a s  w e l l ,  and t h e  e f f e c t  o f  n itr o g e n o u s  f e r t i l i z e r s  on 
f r u i t  c o lo r  i s  v e r y  m arked, a l l  o f  w h ich  i n d ic a t e s  t h a t  
ground c o lo r  ch a n g es a re  n o t t o  he r e l i e d  upon a s  an  
in d e x  o f  m a tu r ity *  P la g g e ,  Maney, and G erhardt (7 2 )  
showed t h a t  Grim es grow in g  under v e r y  s im i la r  c o n d i t io n s ,  
e x c e p t  t h a t  one group was in  b lu e g r a s s  sod  and th e  o th e r  
in  c lo v e r  s o d , showed a d i f f e r e n c e  in  th e  d evelop m en t o f  
ground c o l o r ,  th e  f r u i t  from  the t r e e s  in  b lu e g r a s s  sod  
m a in ta in in g  a g r e e n e r  f r u i t  c o lo r  d u r in g  th e  r ip e n in g  
p e r io d  th a n  th e  t r e e s  i n  c lo v e r  s o d , a lth o u g h  th e y  w ere  
o th e r w is e  th e  same* B oth  s e t s  o f  t r e e s  r e c e iv e d  a b a s ic  
n it r o g e n  a p p l i c a t io n  y e a r l y ,  and th e r e  w ere no a p p a ren t  
d i f f e r e n c e s  in  th e  n u t r i t i o n a l  l e v e l  o f  th e  two p l o t s  
in d ic a t e d  in  t h e i r  r e p o r t*
M agness (5 0 )  in d ic a t e d  th a t  th e  d ev e lo p m en t o f  
ground c o lo r  m ig h t w e l l  be c o n s id e r e d  w ith  th e  p r e s s u r e  
t e s t  in  m ea su r in g  m a tu r ity *  T h is  a ssu m p tio n  r e c e i v e s  
su p p o rt in  th e  work o f  P e n tz e r  ,  M agness, and H a lle r  (6 7 )  
and A lle n  (1 ) in  t h e i r  work w ith  p e a r s ,  where d e f i n i t e  
p ic k in g  recom m endations and l i m i t a t i o n s  c o u ld  be made f o r  
g e n e r a l l o c a l i t i e s  when p r e s s u r e  t e s t  and f r u i t  c o lo r  were 
c o n s id e r e d  in  c o n ju n c t io n *  The work o f  P la g g e , Maney, and 
G erhardt in d ic a t e d  among o th e r  th in g s  th a t  the ch an ges in  
th e  ground c o lo r  w ere to o  s lo w  t o  be o f  v a lu e  a s  an in d e x  
o f  m a tu r ity , w h ic h , w ith  th e  v a r i a b i l i t y  fou n d  b y  M agness 
and h i s  c o -w o rk er s  i h  th e  d evelop m en t o f  ground c o lo r  w ould  
i n d ic a t e  t h a t  ground c o lo r  d ev e lo p m en t, l i k e  t h e  p r e s su r e
t e s t ,  sh o u ld  be  c o n s id e r e d  o n ly  a su p p lem en ta ry  m easure  
o f  m a t u r i t y ,  and n o t  an  a d eq u a te  in d e x .
The d eve lop m en t o f  r ed  c o lo r  by th e  c o lo r e d  a p p le  
v a r i e t i e s  h a s  som etim es b een  u sed  a s  an in d e x  t o  m a tu r ity ,  
b u t h a s  g r a d u a lly  f a l l e n  in t o  d is r e p u te  b e c a u se  o f  th e  
v a r i a b i l i t y  c a u se d  b y  c l im a t ic  and c u l t u r a l  c o n d i t i o n s .  
M a rsh a ll and Waldo (5 7 )  in d ic a t e d  t h a t  red  c o lo r  d e v e lo p ­
ment was a v e ry  p o o r  in d e x  o f  m a tu r ity  u n der M ich igan  
c o n d i t io n s .  H ow ever, w it h  v a r i e t i e s  w h ich  n o r m a lly  
d e v e lo p  r a th e r  h ig h  c o lo r  a t  f u l l  m a tu r ity  i t  h a s  b een  
r e p e a t e d ly  shown ( 2 4 ,  S I ,  4 2 ,  5 5 ,  4 7 ,  5 5 ,  7 0 , 7 1 , 7 2 ,
7 5 ,  80 ) t h a t  f r u i t  p ic k e d  in  an immature s t a g e ,  w ith  
low  c o lo r  d e v e lo p m en t, i s  e s p e c i a l l y  s u b j e c t  to  c e r t a i n  
p h y s i o l o g ic a l  s to r a g e  d i s e a s e s ,  and h en ce  h a s  p oor s to r a g e  
q u a l i t y .
S e p a r a t io n  o f  F r u it  from  th e  T r e e .  The e a s e  o f  
s e p a r a t io n  o f  th e  f r u i t  from  th e  t r e e  h a s  b een  c o n s id e r e d  
b y  some to  be a good in d e x  o f  m a tu r ity .  H ow ever, t h i s  
in d e x  h a s  n e v e r  b een  m easured i n  e x a c t  te r m s , b u t u s u a l ly  
h a s  b een  e s t im a te d  a s  th e  te n d e n c y  o f  th e  f r u i t  t o  drop  from  
th e  t r e e ,  w h ich  u s u a l ly  d o e s  n o t  occu r u n t i l  th e  f r u i t  i s  
in  a r a th e r  advan ced  s ta g e  o f  m a t u r ity .  As th e  f r u i t  i s  
s t i l l  g row in g  a t  t h i s  tim e i f  th e  w a ter  r eq u ire m en ts  o f  
th e  t r e e  have b een  m et, i t  i s  o f t e n  to  th e  grow ers ad­
v a n ta g e  t o  le a v e  h i s  f r u i t  u n t i l  i t  s t a r t s  to  drop  b eca u se  
o f  th e  in c r e a s e d  ton n age  he o b t a in s ,  and h en ce  he may be 
i n c l i n e d  to  u se  d ro p p in g  o f  th e  f r u i t  a s  a m easure o f  
m a t u r i t y .  M agness, D ie h l ,  H a l l e r ,  e t .  a l .  (5 4 ) a ttem p ted
t o  e s t im a t e  t h i s  c h a r a c te r  a s  a b a s i s  f o r  p r e d ic t in g  
m a t u r i t y ,  b u t p o in te d  ou t t h a t  r a th e r  w id e d i f f e r e n c e s  
w ere n o te d  i n  d i f f e r e n t  y e a r s ,  and w ere n o t  a t  a l l  
c o r r e la t e d  w ith  m a t u r i ty .  T h u s, th e y  s t a t e s
“A l l  v a r i e t i e s  grew v e r y  r a p id ly ,  a t t a in e d  
la r g e  s i z e ,  and ad h ered  rem arkably w e l l ,  
and un d er t h e s e  c o n d i t io n s  a medium s i z e d  
crop  on h ig n  N t r e e s  w ith  good w ater  su p p ly  
r e s u l t e d  i n  th e  f r u i t  h o ld in g  on th e  t r e e s . “
They a l s o  f e l t  th a t  th e  le n g t h  o f  th e  g ro w in g  se a s o n  and  
d i f f e r e n c e  i n  c l i m a t ic  c o n d it io n s  e x e r te d  a marked e f f e c t  
on th e  e a s e  o f  s e p a r a t io n .  Ma^gness (5 0 )  b e l i e v e s  t h a t  
c o n s id e r a t io n  o f  th e  p r e s s u r e  t e s t ,  ground c o lo r  d e v e lo p ­
m en t, and th e  e a s e  o f  s e p a r a t io n  o f  th e  f r u i t  from  th e  
t r e e  sh o u ld  a l l  b e  c o n s id e r e d  in  e s t im a t in g  f r u i t  
m a t u r i t y .
C oldr o f  S e e d s .  M agness, D ie h l ,  H a l le r ,  e t .  a l .
(5 4 ) and P la g g e , Maney and G erhardt (7 2 ) r e p o r te d  on th e  
c o lo r  o f  t h e  s e e d s  a t  th e  t im e  o f  h a r v e s t ,  and t h e  p o s s i ­
b i l i t y  o f  u s in g  t h i s  a s  an in d e x  o f  m a tu r ity *  They fo u n d , 
h o w ev er , t h a t  w ith  a l l  b u t th e  e a r l i e s t  summer v a r i e t i e s  
th e  s e e d s  had changed  t o  a dark brown c o lo r  w e l l  b e fo r e  
th e  f r u i t  m atu red , w ith  su ch  v a r i e t i e s  a s  G rim es, Staym an, 
Rome B e a u ty , Y ork, and J o n a th a n . P la g g e , Maney, and  
G erhardt fou n d  t h a t  th e  r a te  o f  develop m en t o f  s e e d  c o lo r  
v a r ie d  under b lu e g r a s s  sod  and c lo v e r  sod  in  th e  c a s e  o f  
th e  Grimes v a r i e t y .  M agness and h i s  c o -w o rk er s  showed th a t  
th e  number o f  d a y s  from  b lo s so m in g  i t  to o k  f o r  th e  se e d  t o  
become brown v a r ie d  a g r e a t  d e a l  betw een  d i f f e r e n t  v a r i e t i e s ,  
and w ith  th e  same v a r ie t y  grown in  d i f f e r e n t  r e g io n s .  They
a l s o  r e p o r te d  g r e a t  v a r i a b i l i t y  i n  t h i s  f a c t o r  in  d i f f e r e n t  
y e a r s  in  th e  same l o c a l i t y .  They p la c e  l i t t l e  r e l ia n c e  on  
t h i s  f a c t o r  a s  an in d e x  o f  m a tu r ity  f o r  l a t e  summer and  
f a l l  v a r i e t i e s .  I t s  v a lu e  a s  an in d e x  f o r  e a r ly  summer 
v a r i e t i e s  h a s  n o t  b een  d e te r m in e d .
G rowing S e a so n .  M agness and h i s  c o -w o r k e r s  (5 4 )  
d eter m in e d  th e  g row in g  s e a s o n  f o r  a number o f  v a r i e t i e s  
i n  d i f f e r e n t  y e a r s ,  and fo u n d  t h a t  th e y  ran  ab ou t th e  same 
f o r  a g iv e n  l o c a l i t y .  H ow ever, v a r ia t i o n s  up t o  t e n  d ays  
o r  m ore w ere common, so  i t  i s  a p p a ren t t h a t  t h i s  i s  n o t  a 
good in d e x  f o r  m ea su r in g  m a tu r ity .
E l e c t r i c a l  R e s i s t a n c e .  Moore (6 2 ) d e v e lo p e d  an 
in s tr u m e n t c a l l e d  t h e “e l e c t r i c a l  m a tu r ity  t e s t e r "  in  an  
a tte m p t t o  f i n d  a more a c c u r a te  in d e x  o f  m a tu r ity  f o r  
p e a r s ,  under Oregon c o n d i t io n s ,  th an  th e  p r e s s u r e  t e s t  
and c o lo r  c h a n g e s . He fou n d  t h a t  t h i s  in s tr u m e n t gave  
r a th e r  r e l i a b l e  r e s u l t s  w ith  th e  common p e a r  v a r i e t i e s ,  
and o f f e r e d  a w id e r  range d u r in g  a g iv e n  t im e  th a n  th e  
p r e s s u r e  t e s t ,  e v e n  th o u g h  th e  r a te  o f  change was 
d im in is h in g  r a p id ly  a s  m a tu r ity  ap p roach ed . T h us, he 
fo u n d  a change o f  se v e n  u n i t s  In  th e  r e a d in g  o b ta in e d  from  
h i s  in str u m e n t in  th e  week p r e c e d in g  h a r v e s t ,  w h ile  th e  
p r e s s u r e  t e s t  change was o n ly  2 .5  pounds* The c o r r e la t io n  
w ith  m a tu r ity  was v e r y  good and he recommended i t s  u se  
w ith  p e a r s  i n  O regon . S t .  John and M orris ( 7 7 ) ,  u s in g  
J o n a th a n , Home B e a u ty , W inesap , and D e l ic io u s  v a r i e t i e s ,  
m easured  th e  e l e c t r i c a l  c o n d u c t iv i t y  o f  th e  e x p r e s s e d  
j u i c e  and fo u n d  a s l i g h t  d e c r e a s e  in  c o n d u c t iv i t y  w ith
a p p ro a c h in g  m a t u r i ty .  They d id  n o t ,  h o w ev er , have s u f f i ­
c i e n t  d a ta  t o  t e s t  th e  s i g n i f i c a n c e  o f  t h e i r  r e s u l t s .
A l l  th e  c h a r a c t e r i s t i c s  m en tio n ed  above have b een  
u se d  in  a t te m p t in g  to  m easure a p p le  m a tu r ity ,  but no one 
o f  them h a s  b een  fou n d  a d e q u a te . Some, when u sed  in  
r e l a t i o n  w ith  o t h e r s ,  h o ld  p rom ise  o f  g i v in g  a r a th e r  
c l o s e  e s t im a t e  o f  optimum p ic k in g  m a tu r ity  (5 2 ,  5 4 ,  5 7 ) ,  
b u t n o n e , e i t h e r  a lo n e  or  in  c o m b in a tio n  o f f e r s  any  c lu e  
a s  to  th e  e a r l i e s t  s ta g e  o f  m a tu r ity  a t  w h ich  th e  f r u i t  
may be p ic k e d , and s t i l l  be e x p e c te d  t o  d e v e lo p  c h a r a c te r ­
i s t i c  f l a v o r  and q u a l i t y  in  s t o r a g e .
S to r a g e  S t u d ie s .  M agness and 0 v e r i e y ( 5 5 ) ,  Degman 
and W ein berger  ( 2 5 ) ,  K now lton and Hoffman ( 4 7 ) ,  G ou rley  
and H opkins ( 3 1 ,  3 2 ) ,  M agn ess, D ie h l ,  and H a lle r  ( 5 3 ) ,  
M il le r  and Over l e y  ( 6 3 ) ,  have s tu d ie d  th e  ch an ges in  th e  
p r e s s u r e  t e s t  d u r in g  th e  s to r a g e  p e r io d ,  and th e  e f f e c t  
o f  c u l t u r a l  c o n d i t i o n s ,  e t c .  on th e  s to r a g e  q u a l i t y  o f  
th e  f r u i t  a s  r e f l e c t e d  by  th e  p r e s s u r e  t e s t .  I t  h a s  
b een  fo u n d , in  g e n e r a l ,  w ith  a l l  v a r i e t i e s ,  and under  
th e  v a r io u s  c o n d it io n s  o f  e x p e r im e n ta t io n  t h a t  th e  p r e s s u r e  
t e s t  d e c r e a s e s  th ro u g h o u t th e  s to r a g e  p e r io d ,  w ith  th e  ex­
c e p t io n s  o f  th e  work o f  P la g g e , Maney, and G erhardt ( 7 2 ) ,  
who fou n d  no d e c r e a s e  in  th e  p r e s su r e  t e s t  o f  Grimes 
s t o r e d  from  th e  p ic k in g  d a te s  in  a u g u st  and Septem ber t o
January 4 th e  f o l lo w in g  y e a r .  Degman and W ein berger (2 5 )
t o
and A ld r ic h  ( 2 ) a la o  fou n d  a f a i l u r e  o f  Rome B e a u ty /d e c r e a s e  
d u r in g  th e  l a s t  p a r t  o f  th e  s to r a g e  p e r io d .  The work o f  
M agness and h i s  co -w o rk er s  may be ta k e n  a s  r e p r e s e n t a t iv e
in  t h i s  m a tter *  They fou n d  t h a t  th e  p r e s s u r e  t e s t  de­
c r e a s e d  th r o u g h o u t th e  s to r a g e  p e r io d ,  and t h a t  th e  r a te  
o f  d e c r e a s e  was d ep en d en t on th e  s to r a g e  tem p er a tu r e  ( 5 1 ) ,  
h ig h  tem p er a tu r e  f a v o r in g  a r a p id  drop in  th e  p r e s s u r e  
t e s t *  H is  work a l s o  in d ic a t e d  t h a t  f r u i t  p ic k e d  e a r l y  in  
th e  s e a so n  a t  a h ig h e r  p r e s s u r e  t e s t  rem ained h ig h e r  
th ro u g h o u t th e  s to r a g e  p e r io d  a t  a l l  te m p e r a tu r e s , u n t i l  
th e  tim e p h y s i o l o g ic a l  breakdown due to  s e n e s c e n c e  s e t  in *  
H ow ever, th e  r a te  o f  d e c r e a s e  was more r a p id  w ith  t h i s  
e a r ly  p ic k e d  f r u i t ,  so  th a t  th e  d i f f e r e n c e s  b etw een  th e  
v a r io u s  p ic k in g s  was n o t  a s  g r e a t  a t  th e  end o f  th e  
s to r a g e  s e a s o n  a s  th e  d i f f e r e n c e s  a t  th e  tim e o f  p ic k in g *  
M agness in d ic a t e d  a l s o  t h a t  th e  g e n e r a l l e v e l  o f  th e  
p r e s s u r e  t e s t  may b e  c o n s id e r e d  a s  an in d e x  o f  th e  s to r a g e  
q u a l i t y  o f  th e  f r u i t *  That i s ,  f r u i t  t h a t  i s  r e l a t i v e l y  
h a rd  f o r  th e  t im e  i t  i s  p ic k e d  f o r  s to r a g e  w i l l  have a 
lo n g e r  s to r a g e  l i f e ,  and w i l l  d e v e lo p  b e t t e r  q u a l i t y  in  
s t o r a g e ,  th a n  f r u i t  w h ich  i s  r e l a t i v e l y  s o f t  a t  th e  tim e  
o f  p ic k in g *
The change o f  th e  ground c o lo r  d u r in g  s to r a g e  was 
i n v e s t i g a t e d  by M agness, e t*  a l * ,  and P la g g e , Maney, and 
G erhardt* They fo u n d  t h a t  th e  ground c o lo r  c o n t in u e d  t o  
change in  s t o r a g e ,  and th e  fo rm er  group t h a t  i t  d e v e lo p e d  
more r a p id ly  a t  th e  h ig h e r  s to r a g e  tem p era tu res*  The l a t e r  
th e  f r u i t  was p ic k e d  th e  more r a p id  was th e  change o f  th e  
ground c o lo r  in  s t o r a g e ,  and th e  e a r ly  p ic k e d  f r u i t  n e v e r  
l o s t  t h e  g r ee n  c o lo r  u n t i l  i t  was rem oved from  s t o r a g e ,  o r  
t o  m o d e r a te ly  h ig h  s to r a g e  tem p era tu res*
C hem ical S t u d i e s , C o n s id e r a b le  work h a s  b een  done 
in  d e te r m in a t io n  o f  c e r t a i n  o f  th e  c h e m ic a l c o n s t i t u e n t s  
o f  th e  a p p le  and t h e i r  ch an ges th ro u g h  th e  grow in g  s e a so n  
and d u r in g  th e  s t o r a g e  p e r io d .  I t  i s  n o t  n e c e s s a r y  t o  
r e v ie w  a l l  o f  t h i s  work a t  t h i s  t im e , but m ost o f  t h a t  
d e a l in g  w ith  th e  p r e -h a r v e s t  ch an ges and th e  s to r a g e  work  
co m p leted  u n d er  norm al c o n d it io n s  and s to r a g e  te m p e r a tu r e s  
are  p e r t in e n t  t o  t h i s  w ork .
E x p er im en ts co n d u cted  t o  show th e  ch an ges undergone  
b y th e  v a r io u s  ca rb o h y d r a te  and n itr o g e n o u s  f r a c t i o n s  th rou gh ­
o u t th e  l i f e  o f  th e  f r u i t  on th e  t r e e  a re  n o t  so  num erous. 
H e w le tt  (4 5 ) s t a r t e d  w ith  th e  f lo w e r  b e fo r e  i t  opened  and  
s e t ,  and c o n tin u e d  h i s  i n v e s t i g a t i o n s  up to  th e  tim e th e  
f r u i t  was abou t t h r e e - f o u r t h s  In ch es  in  d ia m e te r . Murneek
(5 9 )  i n v e s t i g a t e d  th e  ch an ges in  th e  ca rb o h y d ra te  and  
n it r o g e n  f r a c t i o n s  o f  th e  a p p le  th ro u g h o u t t h i s  p e r io d ,  
and c o n t in u e d  h i s  i n v e s t i g a t i o n s  n e a r ly  t o  th e  tim e  o f  
h a r v e s t ,  a lth o u g h  h i s  sam p lin g  d a te s  were r a th e r  f a r  
a p a r t  i n  th e  l a t e r  s t a g e s .  C a ld w e ll (1 4 ) s t a r t e d  h i s  
i n v e s t i g a t i o n s  a s  soon  a s  he c o u ld  t e l l  w h ich  o f  th e  f r u i t  
had s e t ,  and w h ich  w ould  be sh ed  i n  th e  f i r s t  d r o p . Arch­
b o ld  (4 )  s t a r t e d  one month a f t e r  s e t .  W hile th e  p r e s e n t  
i n v e s t i g a t i o n  i s  more co n cern ed  w ith  th e  ch an ges ta k in g  
p la c e  a t  th e  tim e th e  f r u i t  i s  m a tu r in g , and im m ed ia te ly  
b e f o r e ,  t h e s e  i n v e s t i g a t i o n s  a r e  o f  i n t e r e s t  in  in d ic a t in g  
th e  g e n e r a l  tr e n d  in  th e  v a r io u s  f r a c t i o n s ,  and th e  p o in t  
o f  d eve lop m en t o f  th o s e  ch an ges a t  th e  ap p rox im ate  tim e o f  
m a tu r ity .
In  g e n e r a l ,  th e  work on th e  ch an ges In  th e  
c h e m ic a l f r a c t i o n s  o f  th e  f r u i t  d u r in g  th e  e a r l y  l i f e  
o f  th e  f r u i t  a r e  in  a g r ee m e n t, and th e  g e n e r a l  tr e n d  
in  th e  v a r io u s  c o n s t i t u e n t s  may h e  in d ic a te d #  Murneek (5 9 )  
h a s  shown t h a t  th e  f lo w e r s  a r e  h ig h  in  p e r c e n t  n i t r o g e n  
a t  th e  tim e  o f  b lo s s o m in g , and t h a t  t h i s  f r a c t i o n  d e c r e a s e s  
im m e d ia te ly  a f t e r  b lo s s o m in g ,c o m p e t it io n  b e tw een  d e v e lo p ­
in g  l e a v e s  and f r u i t  becom ing so k een  t h a t  he b e l i e v e s  
f r u i t  s e t  i s  m a t e r ia l ly  a f f e c t e d  by th e  n i t r o g e n  a v a i l ­
a b le  to  th e  t r e e  d u r in g  th e  v e r y  e a r ly  s t a g e s  o f  f r u i t  
d evelop m en t#  A f te r  t h i s  i n i t i a l  d ro p , n i t r o g e n  I n c r e a s e s  
in  th e  f r u i t ,  a lth o u g h  th e  p e r c e n t  n i t r o g e n  d e c r e a s e s  
s l i g h t l y ,  due to  th e  r a p id  grow th o f  th e  f r u i t #  He a l s o  
b e l i e v e s  t h a t  f r u i t  s e t  may be m a t e r ia l ly  In c r e a s e d  by  
in s u r in g  an a d eq u a te  su p p ly  o f  n it r o g e n  a t  t h i s  t im e ,  and  
t h a t  t h e  l a t e r  11 d r o p s” w i l l  a l s o  b e  d e c r e a se d  th ereb y #  
Murneek a l s o  showed t h a t  ch an ges i n  th e  n i t r o g e n  and  
c a rb o h y d ra te  f r a c t i o n s  w ere v e r y  r a p id  in  th e  v e r y  e a r ly  
l i f e  o f  th e  b lo s s o m - f r u i t ,  and t h a t  c l o s e l y  sp a ced  sam p lin g  
d a te s  w ere n e c e s s a r y  t o  se c u r e  an a c c u r a te  p ic t u r e  o f  th e  
ch an ges ta k in g  p l a c e .  W hile an ad eq u ate  su p p ly  o f  n i t r o g e n  
and c a r b o h y d r a te s  were n e c e s s a r y  a t  th e  tim e  o f  f r u i t  
b lo s so m in g  and s e t ,  th e r e  was a d e c r e a se  In  th e  carb o­
h y d r a te s  a t  th e  tim e o f  s e t ,  b u t  c a r b o h y d r a te s  soon  
s t a r t e d  to  in c r e a s e  i n  th e  young d e v e lo p in g  f r u i t #  ‘t h i s  
in c r e a s e  was more o r  l e s s  r e g u la r  th ro u g h o u t th e  p e r io d  o f  
d e v e lo p m en t, th e  r a te  o f  in c r e a s e  s lo w in g  up w ith  th e  r a p id  
in c r e a s e  i n  th.e s i z e  o f  th e  f r u i t  when c a lc u la t e d  on a
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p e r c e n ta g e  b a s i s ,  b u t th e  a c t u a l  am ounts k e p t  r ig h t  on  
i n c r e a s in g  r a th e r  r a p id ly *  S ta r c h  a c c u m u la tio n  s t a r t s  
c o m p a r a t iv e ly  e a r l y  in  th e  l i f e  o f  th e  f r u i t  a c c o r d in g  
t o  th e  work o f  Murneek ( § 9 ) ,  H o w le tt  ( 4 3 ) ,  and Askew ( 8 ) ,  
and c o n t in u e s  to  a ccu m u la te  u n t i l  s h o r t ly  b e fo r e  matu­
r a t i o n .  At t h i s  tim e  th e  fo r m a tio n  o f  s ta r c h  a p p a r e n t ly  
i s  s to p p e d , and t h e  a v a i la b le  su p p ly  i s  r a th e r  r a p id ly  
h y d r o ly z e d *  A rch b o ld  (4 )  and o t h e r s  in d ic a t e  t h a t  s t a r c h  
may a lw a y s be p r e s e n t  in  la r g e  am ounts in  some v a r i e t i e s  
a t  th e  tim e  o f  h a r v e s t ,  and n e v e r  in  o th e r s *  Some v a r i e t i e s  
are  in te r m e d ia te  in  c h a r a c te r , and may show v a r y in g  am ounts 
o f  s ta r c h  p r e s e n t  a t  m a tu r ity  i n  d i f f e r e n t  y e a r s .
In  d e a l in g  w ith  th e  p e r io d  im m e d ia te ly  p r e c e d in g  
m a tu r a tio n  and th e  p e r io d  o f  m a tu r a t io n , th e  work o f  
P la g g e , M aney, and G erhardt (7 2 )  i s  i l l u m i n a t in g .  They  
fou n d  t h a t  d u r in g  th e  p e r io d  o f  m a tu r a t io n , r e d u c in g  su g a rs  
in c r e a s e d  s l i g h t l y  up t o  th e  tim e  o f  m a tu r ity ,  when th e r e  
was a s l i g h t  d e c r e a s e .  D e la y in g  s to r a g e  a f t e r  th e  tim e  
o f  h a r v e s t  had l i t t l e  e f f e c t  on th e  r e d u c in g  su g a rs  o f  
f r u i t  p ic k e d  a t  m a t u r ity ,  a lth o u g h  on e a r l i e r  p ic k e d  f r u i t ,  
d e la y in g  s to r a g e  r e s u l t e d  in  an in c r e a s e  in  r e d u c in g  su g a rs  
w h ich  was n e a r ly  p r o p o r t io n a l  t o  th e  tim e o f  d e la y .  T o ta l  
su g a rs  showed o n ly  s l i g h t  in c r e a s e  from  th e  p e r io d  o f  
A ugust 14 to  Septem ber 1 4 , a f t e r  w h ich  th e y  n e a r ly  d ou b led  
in  a w e e k 's  t im e , o n ly  t o  f a l l  o f f  somewhat d u r in g  th e  
l a s t  w eek t h e  f r u i t  was on th e  t r e e ,  Septem ber 26 to  
O ctob er 7 .  A f te r  a p e r io d  o f  two w eeks d e la y  in  s t o r a g e ,  
w h ich  sh o u ld  have much th e  same e f f e c t  a s  a lo n g e r  p e r io d
in  s t o r a g e ,  th e y  fou n d  th e  t o t a l  su g a r s  te n d e d  to  come t o  
a c o n s t a n t  p o in t  o f  58  p e r c e n t  on d ry  w e ig h t  b a s i s  reg a rd ­
l e s s  o f  t h e  tim e  o f  h a r v e s t*  C a ld w e ll ( 1 4 ) ,  i n  s tu d y in g  
th e  c h a n g e s  th r o u g h o u t th e  l i f e  o f  th e  f r u i t  from  a tim e  
s h o r t l y  a f t e r  i t  had  s e t ,  fo u n d  a s te a d y  in c r e a s e  in  r e ­
d u c in g  s u g a r s ,  s u c r o s e ,  and t o t a l  su g a r s  o f  th e  f r u i t  on  
th e  t r e e  in  a l l  t h e  v a r i e t i e s  he s tu d ie d *  T hese two  
i n v e s t i g a t o n s  a g r e e  r a th e r  c l o s e l y  on th e  ch an ges t a k in g  
p la c e  i n  th e  s o lu b le  c a r b o h y d r a te s  d u r in g  th e  p e r io d  o f  
f r u i t  d evelop m en t*  P la g g e , Maney, and G erhardt a lS o  
r e p o r te d  on th e  s t a r c h  c o n te n t  o f  th e  f r u i t ,  and fou n d  t h a t  
i t  was a lm o st  c o n s ta n t  o v e r  th e  p e r io d  o f  th e  in v e s t ig a t io n *  
In  t h i s  r e s p e c t  i t  i s  i n t e r e s t i n g  to  compare t h e i r  work w ith  
t h a t  o f  B ig e lo w , G ore, and Howard ( 1 0 ) ,  who, w ork ing  w ith  
s e v e r a l  v a r i e t i e s ,  r e p o r t  a s l i g h t  r i s e  i n  r e d u c in g  su g a r s  
d u r in g  a com parable p e r io d ,  and a more p a p id  r i s e  in  s u c r o se  
d u r in g  th e  same t im e , much a s  in  th e  c a se  o f  P la g g e , Maney, 
and G erhardt* H ow ever, th e y  fou n d  t h a t  th e  r a p id  r i s e  in  
su c r o s e  was due t o  an in v e r s io n  o f  s ta r c h  d u r in g  th e  same 
p e r io d ,  to  th e  p o in t  o f  d isa p p ea r a n c e*  A f t e r  th e  s t a r c h  
had d isa p p e a r e d  th e  s u c r o s e  c o n te n t  o f  th e  f r u i t  d e c r e a se d  
r a p id ly  a s  i t  was in v e r te d *  ih e  m ain p o in t  o f  d isa g r e e m e n t  
b etw een  th e  two i n v e s t i g a t i o n s  l i e s  in  th e  f a i l u r e  o f  th e  
s t a r c h  to  d e c r e a s e  in  th e  G rim es a p p le s  u se d  by P la g g e  and  
h i s  c o -w o r k e r s , e v en  th o u g h  s u c r o s e  was in c r e a s in g  r a p id ly *  
A rch b o ld  (4 )  a l s o  r e p o r t s  a g ra d u a l in c r e a s e  in  a l l  th e  
s o lu b le  ca rb o h y d ra te  f r a c t i o n s ,  a lth o u g h  th e  r a p id  in c r e a s e  
in  s u c r o s e  was n o t  a p p a r e n t , a s  in  th e  two i n v e s t i g a t i o n s
2 2 .
r e p o r te d  above* She u s e d  B ram leyrs  S e e d l in g  v a r i e t y  in  
h e r  i n v e s t i g a t i o n ,  w h ich  i s  a lw a y s d e v o id  o f  s t a r c h  a t  
h a r v e s t*
In  g e n e r a l ,  a s  h a s  b een  p o in te d  o u t ,  ( 1 0 ,  5 1 ,  6 3 ) ,  
th e r e  seem s to  be a r e l a t i o n  in  th e  a p p le  b e tw een  th e  
s o lu b le  su g a r  f r a c t i o n s  and th e  s ta r c h  c o n te n t  o f  t h e  
f r u i t *
The a c id  f r a c t i o n  o f  th e  a p p le  h a s  b een  s t u d ie d  
b y  A rch b old  ( 4 ) ,  H aynes ( 3 9 ) ,  M agness and D ie h l  ( 5 2 ) ,  
C a ld w e ll ( 1 4 ) ,  P la g g e , M aney, and G erhardt ( 7 2 ) ,  among 
o t h e r s ,  and a l l  r e p o r t  a d e c r e a s e  in  th e  t i t r a t a b l e  
a c i d i t y  d u r in g  m a tu ra tio n *  H owever, in  no c a se  a r e  th e  
a c t u a l  ch an ges v e r y  g r e a t .  The r e s e r v e  a c id  o f  th e  f r u i t  
a p p a r e n t ly  i s  s to r e d  r a th e r  e a r ly  in  th e  l i f e  o f  th e  f r u i t ,  
a s  in d ic a t e d  in  th e  work o f  A r ch b o ld , H aynes, and C a ld w e ll ,  
and a c id  i s  s lo w ly  l o s t  by r e s p ir a t io n  th ro u g h o u t th e  l i f e  
o f  th e  f r u i t ,  b o th  on th e  t r e e  and in  s to r a g e *  Kidd and 
Vilest ( 4 6 ) ,  H aynes ( 3 9 ) ,  and P la g g e , Maney, and G erhardt 
(7 2 ) a l l  co n cu r  t h a t  any m arket d e v ia t io n s  in  th e  a c id  
c o n te n t  o f  th e  f r u i t ,  e i t h e r  on th e  t r e e  or d u r in g  th e  
s to r a g e  l i f e  o f  th e  f r u i t ,  i s  co n d u c iv e  to  t h e  d evelop m en t  
o f  p h y s i o l o g ic a l  breakdown In  s to r a g e *  High a c i d i t y  i s  
u s u a l l y  a s s o c ia t e d  w ith  low  ca rb o h y d ra te  c o n t e n t ,  and u n le s s  
th e  r a t i o  b etw een  th e s e  s u b s ta n c e s  i s  r a th e r  f i x e d ,  s to r a g e  
d is o r d e r s  may be ex p e c ted *  Haynes and A rch bold  (4 0 ) and 
A rch b old  (5 )  in d ic a t e  t h a t  low  n i t r o g e n  and h ig h  su g a rs  
f a v o r  good s to r a g e  q u a l i ty *  None o f  th e  work showed any  
v a lu e  in  th e  a c i d i t y  ch an ges a s  an in d e x  o f  m a tu r ity , a s
th e  ch a n g es w ere v e r y  s lo w  and g r a d u a l. The u se  o f  a c i d i t y
m easu rem en ts f o r  s to r a g e  p u r p o se s , h ow ever, o f f e r s  some 
p r o m ise , e s p e c i a l l y  when i t  i s  c o n s id e r e d  in  c o n n e c t io n  
w ith  th e  g e n e r a l  c a rb o h y d ra te  l e v e l  o f  th e  f r u i t *
That p o r t io n  o f  th e  ca rb o h y d ra te  f r a c t i o n  o f  th e  
a p p le  t i s s u e  w h ich  y i e l d s  t o  h y d r o ly s i s  by d i l u t e  a c i d s ,  
and i s  v a r io u s ly  te n n e d  th e  a c id  h y d r o ly z a b le  f r a c t i o n  
o r  t h e  h e m ic e l lu lo s e  f r a c t i o n  h a s  b een  shown b y  A rch bold  
( 4 ) ,  A rch b o ld  and Widdowson ( 7 ) ,  and Murneek (5 9 ,  6 0 ) ,  t o  
d e c r e a s e  d u r in g  th e  m a tu r a t io n  p e r io d *  The e x a c t  n a tu r e  
o f  t h i s  f r a c t i o n  i s  somewhat q u e s t io n a b le ,  due t o  th e  
e m p ir ic a l  n a tu r e  o f  the m ethod f o r  i t s  d e te r m in a tio n *
Murneek (6 0 )  seem s t o  th in k  t h a t  o n ly  th e  tr u e  hem ic e l  lu -  
l o s 6  i s  e s t im a te d  by th e  m ethod commonly u sed  f o r  i t s  
d e te r m in a t io n , and c o n s id e r s  t h i s  su b s ta n c e  t o  be a v e r y  
im p o rta n t s to r a g e  p ro d u ct i n  th e  a p p le  t r e e  and f r u i t *  I f  
t h i s  i s  tr u e  i t  may p la y  a p a r t  e q u a l ly  a s  im p o rta n t a s  
o th e r  s to r a g e  p r o d u c ts , su ch  a s  s t a r c h ,  in  th e  a p p le  f r u i t *  
The p e c t i c  c o n s t i t u e n t s  have r e c e iv e d  a g r e a t  d e a l  
o f  a t t e n t i o n  in  more r e c e n t  y e a r s ,  e s p e c i a l l y  in  reg a rd  t o  
t h e i r  r e l a t i o n  to  th e  s o f t e n in g  o f  f r u i t s ,  w ith  th e  ap p roach  
o f  m a tu r ity  and d u r in g  s e n e s c e n c e  (3 )*  The work on th e  
ch a n g es o f  th e  p e c t i n  f r a c t i o n s  in  th e  d e v e lo p in g  o f  a p p le  
f r u i t  a r e  i n  good a g r ee m e n t, a s  may be se en  by com paring  
th e  work o f  C arre ( 1 5 ,1 6 ) ,  Carre and Horne ( 1 7 ) ,  and o th e r s *  
T hese w o rk ers a g r e e  th a t  in  th e  e a r ly  s t a g e s  o f  m a tu r ity  
th e r e  i s  v e r y  l i t t l e  o r  no s o lu b le  p e c t in  p r e s e n t  in  t h e  
a p p le  f r u i t *  H ow ever, a t  optimum m a tu r ity  and d u r in g  th e  
s to r a g e  p e r io d ,  th e  s o lu b le  p e c t in  f r a c t i o n  in c r e a s e s  g r e a t ly  
a t  th e  e x p e n se  o f  th e  I n s o lu b le  p e c t in  f r a c t i o n .  T o ta l
p e c t i n  rem ained  a t  th e  same l e v e l  th r o u g h o u t th e  matu­
r a t io n  p e r io d ,  and th e  o n ly  ch a n g es  n o te d  o c c u r r e d  when 
th e  in s o lu b le  form s s t a r t e d  t o  be h y d r o ly z e d  to  th e  
s o lu b le  form # B ecau se  t h i s  change o c c u r r e d  o n ly  l a t e  
i n  th e  n a tu r a l  l i f e  o f  th e  a p p le  f r u i t  on th e  t r e e  i t  i s  
o f  l i t t l e  v a lu e  a s  an in d e x  o f  e a r l i e s t  m a tu r ity #  G ou rley  
and H opkins (3 2 )  fo u n d  la r g e r  p e r c e n ta g e s  o f  s o lu b le  
p e c t in s  in  m a tu r in g  J o n a th a n s , and th o u g h t t h a t  th e r e  was 
a d e f i n i t e  in c r e a s e  d u r in g  th e  m a tu r a t io n  p e r io d .  How­
e v e r ,  t h e i r  r e s u l t s  a re  to o  in c o m p le te  and v a r ia b le  to  be  
s i g n i f i c a n t  in  t h i s  regard #
A rch bold  and Widdowson ( 7 ) ,  B ig e lo w , G ore, and  
Howard ( 1 0 ) ,  N e l l e r  and O v er ly  ( 6 3 ) , and B urroughs (1 3 )  
in d ic a t e  t h a t  th e  dry w e ig h t  f r a c t i o n  in c r e a s e s  s t e a d i l y ,  
a lth o u g h  s lo w ly ,  th ro u g h o u t th e  m a tu r a tio n  p e r io d #
H fhile c e r t a in  tr e n d s  a r e  r e a d i ly  a p p a ren t in  th e  
v a r io u s  c a r b o h y d r a te , n i t r o g e n o u s ,  and o th e r  c h em ica l  
f r a c t i o n s  o f  th e  a p p le  f r u i t  d u r in g  i t s  p e r io d  o f  d e v e lo p ­
ment on t h e  t r e e ,  th e y  are  r e l a t i v e l y  slow  and v a r ia b le  
when c o n s id e r e d  a s  i n d ic e s  o f  m a tu r ity ,  a s  shown by th e  
above in v e s t ig a t o r s #  C u ltu r a l  and c l im a t ic  c o n d it io n s  may 
a f f e c t  a l l  o f  them . W hile th e  f r u i t  i s  a dynam ic o rg a n ism , 
and i s  u n d erg o in g  c o n s ta n t  change w ith  th e  app roach  o f  
m a t u r i ty ,  and d u r in g  s e n e s c e n c e ,  e i t h e r  on th e  t r e e  or  in  
s t o r a g e ,  th e r e  a re  c e r t a i n  r e l a t i o n s  betw een  th e  v a r io u s  
compounds p r e s e n t  w h ich  a re  found  th ro u g h o u t th e  l i f e  o f  
th e  f r u i t ,  and w h ich  s h i f t  o n ly  s lo w ly  w ith  th e  v a r io u s  
s t a g e s  o f  m a tu r ity  and sem escen ce#  T hus, in  th e  e a r ly
l i f e  o f  t h e  f r u i t  a c e r t a i n  r e l a t i o n  betw een  th e  v a r io u s  
s o lu b le  and in s o lu b le  ca rb o h y d r a te  f r a c t i o n s  i s  to  be 
r e c o g n iz e d , th e  m ain f e a t u r e s  o f  w h ich  in d ic a t e  t h a t  p h o to ­
s y n t h e s i s e d  m a t e r ia ls  are  b e in g  s t o r e d  i n  th e  f r u i t  and  
u sed  f o r  grow th# As m a tu r ity  a p p ro a ch es  th e  s y n t h e s i s  
and t r a n s f e r  o f  t h e s e  p r o d u c ts  c e a s e ,  p o s s i b l y  un d er th e  
c o n t r o l  o f  e n z y m a tic  f o r c e s  (7 8 ) or  m e c h a n ic a l ly  th ro u g h  
r e s t r i c t i o n s  d e v e lo p in g  in  th e  a b s c i s s i o n  la y e r #  As tim e  
c o n t in u e s ,  t h e r e  i s  a s h i f t  o f  th e  e q u il ib r iu m  o f  t h e s e  
c a r b o h y d r a te s  from  t h e  in s o lu b le  form s t o  th e  s o lu b le  
fo r m s , and th e  su g a r s  in c r e a s e  a t  th e  e x p e n se  o f  th e  
r e s e r v e  m a te r ia ls #  The su p p ly  o f  su g a rs  i s  th e n  g r a d u a lly  
u se d  in  r e s p i r a t i o n ,  th e  r a t e  d ep en d in g  upon th e  s to r a g e  
tem p era tu re#  As c e r t a i n ,  unknown l i m i t s  o f  r e s e r v e  m a t e r ia ls  
o b t a in ,  a n a tu r a l  breakdow n known a s  p h y s io lo g ic a l  break ­
down o c c u r s#  S im ila r  r e l a t i o n s  o b ta in  w ith  th e  a c id ,  
n it r o g e n o u s ,  and o th e r  f r a c t i o n s ,  and a l l  a r e  i n t e r - r e l a t e d  
w it h  each  o th e r#  The sum o f  t h e s e  ch an ges and r e l a t io n s  
d e t e m in e  th e  l i f e  o f  th e  f r u i t ,  and su ch  ch an ges a s  we 
m easure p r o c ee d  r e l a t i v e l y  s lo w ly  th ro u g h o u t th e  l i f e  o f  
th e  f r u i t #  T here i s  no “l e v e l i n g  o f f 11 p e r io d  w h ich  w ould  
i n d ic a t e  a d e f i n i t e  s ta g e  o f  m a tu r ity ,  and t h e r e  i s  no  
r a p id  s h i f t  o f  e q u i l i b r i a  w h ich  would i n d ic a t e  a change  
from  th e immature s ta g e  t o  th e  m ature or s e n e s c e n t  s ta g e #  
B ecau se  o f  t h i s ,  and th e  v a r i a b i l i t y  fou n d  in  th e  a c t u a l  
am ounts o f  th e  v a r io u s  f r a c t i o n s ,  none o f  them h a s  b een  
fou n d  t o  have a p p r e c ia b le  v a lu e  a s  a m easure o f  m a tu r ity #
A trem endous amount o f  work h a s  b een  done i n v e s t i ­
g a t in g  th e  c h e m ic a l ch an ges d u r in g  th e  s to r a g e  p e r io d ,
e s p e c i a l l y  in  reg a rd  t o  th e  e f f e c t s  o f  v a r io u s  tr e a tm e n ts  
on th e  s to r a g e  l i f e  o f  th e  f r u i t *  In  t h i s  i n v e s t i g a t i o n  
we a r e  more i n t e r e s t e d  in  th e  s e n e s c e n c e  o f  the a p p le  
f r u i t  d u r in g  i t s  n a tu r a l  s to r a g e  l i f e  a t  th e  te m p e r a tu r e s  
commonly em p loyed , and f o r  t h a t  r e a so n  o n ly  th o s e  w i l l  be 
c o n s id e r e d *
B ig e lo w , G ore, and Howard (1 0 ) s t a t e  t h a t  th e  a p p le  
f r u i t  c o n t in u e s  i t s  d eve lop m en t th ro u g h o u t i t s  s to r a g e  l i f e ,  
and th a t  th e  ch an ges a r e  m e r e ly  c o n t in u a t io n s  o f  th o s e  
o c c u r r in g  d u r in g  i t s  l i f e  on th e  t r e e .  T h u s, th e y  show 
th a t  a l l  f r a c t i o n s  f o r  w h ich  th e y  a n a ly z e d  c o n tin u e d  th e  
t r e n d  .s t a r t e d  on th e  t r e e ,  d u r in g  th e  s to r a g e  p e r io d ,  th e  
r a t e ,  o f  c o u r s e ,  d ep en d in g  l a r g e l y  on th e  s to r a g e  tem pera­
t u r e .  A f te r  th e  f r u i t  i s  removed from  th e  t r e e  any s t a r c h  
l e f t  was r a p id ly  h y d r o ly z e d  to  s u c r o s e ,  r e s u l t in g  in  an in ­
c r e a s e  in  t h i s  f r a c t i o n ,  w h ich  was a l s o  shown by A rchbold  
( 4 ) ,  P la g g e , Maney, and G erhardt ( 7 2 ) ,  N e l l e r  and O v er ley  
( 6 3 ) ,  and o t h e r s .  S u cr o se  rea c h e d  a maximum upon com p lete  
h y d r o ly s is  o f  s t a r c h ,  and was th e n  h y d r o ly z e d  to  r e d u c in g  
s u g a r s ,  r e s u l t i n g  in  a d e c r e a se d  s u c r o s e  c o n te n t  in  s t o r a g e ,  
and an in c r e a s e  in  th e  r e d u c in g  f r a c t i o n .  Evans (2 8 ) in d i ­
c a te d  th a t  in  a p p le  f r u i t  in  s to r a g e  th e  r e d u c in g  f r a c t i o n  
c o n s i s t e d  o f  f r u c t o s e  and g lu c o s e ,  w h ich  w ere a lw a y s p r e se n t  
in  th e  r a t i o  o f 2 : 1 .
The a c id  f r a c t i o n  c o n t in u e s  to  d e c r e a s e  s lo w ly  
th ro u g h o u t th e  s to r a g e  l i f e  o f  th e  f r u i t ,  th e  r a te  b e in g  
d e term in ed  by th e  s to r a g e  te m p e r a tu r e , a s  w ith  th e  o th e r  
f r a c t i o n s .  H aynes (3 9 )  in d ic a t e d  th a t  under c o ld  s to r a g e
27.
c o n d i t io n s  th e  a c id  f r a c t i o n  was l i a b l e  t o  be more v a r ia b le  
th a n  in  common s t o r a g e ,  and P la g g e  and Maney ( 7 1 ) ,  and  
o t h e r s  ( 3 9 ,  5 1 ,  7 2 ) ,  have shown t h a t  u n b a la n ce  in  th e  
a c id -h a r b o h y d r a te  r e l a t i o n  was v e r y  l i a b l e  t o  c a u se  an  
in c r e a s e  s u s c e p t i b i l i t y  to  s to r a g e  d i s o r d e r s ,  i f  i t  were  
n o t  th e  a c t u a l  c a u s e .
The p e c t i c  f r a c t i o n ,  w h ich  was shown e a r l i e r  t o  
change b u t v e r y  s l i g h t l y  d u r in g  th e  n a tu r a l l i f e  o f  t h e  
f r u i t  on th e  t r e e  ( 1 5 ,  1 6 , 1 7 ,  34 ) u n d erg o es  q u ite  r a p id  
ch a n g es d u r in g  th e  s to r a g e  p e r io d ,  a lth o u g h  t h e s e  a re  
m e r e ly  a c o n t in u a t io n  o f  th o s e  j u s t  b e g in n in g  a t  th e  tim e  
th e  f r u i t  i s  f u l l y  r ip e  on t h e  t r e e .  T h u s, b o th  H a lle r  
( 3 4 ) ,  Carre ( 1 5 ,  1 6 ) ,  and Carre and Horne (1 7 )  have shown 
th a t  s o lu b le  p e c t i n  in e r e a s e s  r a th e r  r a p id ly ,  th e  in s o lu b le  
p e c t in  d e c r e a s e s ,  and th e  t o t a l  rem ains ab ou t th e  same f o r  
a c o n s id e r a b le  p e r io d  o f  th e  s to r a g e  l i f e  o f  th e  f r u i t .  As 
CarEe and H om e (1 7 ) show , th e  a c cu m u la tio n  o f  s o lu b le  
p e c t i n s  r e s u l t s  d i r e c t l y  from  th e  h y d r o ly s is  o f  th e  in ­
s o lu b le  f o r a s  and th e r e b y  a c c o u n ts  f o r  th e  la c k  o f  change  
i n  t o t a l  p e c t i n .  As p e c t in s  are  u se d  in  r e s p ir a t io n  and  
are  broken down in t o  more s im p le  compounds, t h i s  la c k  o f  
change in  th e  t o t a l  p e c t in  i s  a t  f i r s t  p r o b le m a t ic a l .  
H ow evey, Carre ( 1 5 ,  16 ) and Carre and Horne (1 7 ) showed  
t h a t  c e r t a i n  o f  th e  m id d le  la m e l la  p e c t i c  compounds a re  
n o t d e term in ed  in  th e  u s u a l  p r o c e d u r e , and upon a n a ly z in g  
f o r  t h e s e ,  th e y  foun d  t h a t  t h e y  d e c r e a se d  d u r in g  th e  s to r a g e  
p e r io d  u n t i l  th e y  d is a p p e a r e d . I t  was d u r in g  t h i s  p e r io d  
t h a t  th e  t o t a l  p e c t i c  c o n s t i t u e n t s  showed no c h a j A f t e r
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th e  d isa p p e a r a n c e  o f  t h e s e  m id d le  la m e l la  p e c t i c  con­
s t i t u e n t s  th e  t o t a l  p e c t i n ,  a s  d e ter m in e d  b y  th e  u s u a l
p r o c e d u r e , showed a d e c r e a s e ,  a s  h a s  b een  shown by C a rre , 
and
H a lle r ,/M a g n e s s  and D ie h l  (5 2 )*
H a lle r  (3 4 ) c o r r e la t e d  th e  ch a n g es in  th e  p e c t i c  
c o n s t i t u e n t s  w ith  th e  p r e sd u r e  t e s t  o f  Joan th an  a p p le s  
i n  s to r a g e  v e r y  w e l l .
W hile  t h i s  pap er d oes n o t  d e a l  w ith  r e s p ir a t io n  
ch a n g es in  th e  a p p le  d u r in g  m a tu r ity  or  s t o r a g e ,  o r  th e  
r e l a t i o n  o f  r e s p ir a t io n  ch a n g es w ith  th e  t im e  o f  h a r v e s t ,  
i t  i s  th o u g h t b e s t  t o  o u t l i n e  t h e s e  c h a n g e s , a s  fou n d  by  
o th e r  i n v e s t i g a t o r s ,  t o  e s t a b l i s h  the g e n e r a l tr e n d  o f  
m e ta b o lic  a c t i v i t y  found i n  th e  d e v e lo p in g  and s t o r e d  f r u i t .
The r e s p ir a t io n  o f  a p p le  f r u i t  d u r in g  s to r a g e  i s  o f  
i n t e r e s t  in  c o n n e c t io n  w ith  th e  ch an ges in  th e  c h e m ic a l  
c o n s t i t u e n t s  w h ich  occu r*  B ig e lo w , G ore, and Howard ( 1 0 ) ,  
Core ( 3 0 ) ,  H arding ( 3 6 ) ,  and M agness and D ie h l  ( 5 2 ) ,  among 
o t h e r s ,  made r a th e r  c o m p le te  r e s p i r a t i o n  s t u d i e s .  B ig e lo w ,  
G ore, and Howard c o n c lu d e d  t h a t  r e s p ir a t io n  i s  a fu n c t io n  
o f  th e  com p lete  ca rb o h y d ra te  c o n te n t  o f  th e  a p p le ,  and n ot  
o f  th e  a c id ,  or any one o f  th e  ca rb o h y d ra te  f r a c t i o n s .  
B urroughs (1 3 ) s tu d ie d  th e  r e s p ir a t io n  ch an ges o f  th e  
W agener a p p le  p ic k e d  a t  v a r io u s  t im e s ,  and s to r e d  a t  6 8 .5  
d e g r e e s  F* b o th  w ith  and w ith o u t  i n i t i a l  s to r a g e  a t  32 
d e g r e e s  F* He fou n d  t h a t  th e  r a te  o f  r e s p i r a t i o n  in c r e a s e d  
more s lo w ly  w ith  e a r ly  h a r v e s te d  f r u i t  than  w ith  th e  l a t e r  
p ic k i n g s ,  but t h a t  an in c r e a s e d  r a te  o f  r e s p ir a t io n  a lw a y s  
f o l lo w e d  th e  h a r v e s t  p e r io d *  H is r e s u l t s  a l s o  showed t h a t
th e  l a t e r  p ic k in g s  had a h ig h e r  r a t e  o f  r e s p i r a t i o n  th a n  
th e  e a r l y .  When f r u i t  was rem oved from  s to r a g e  a t  32  
d e g r e e s  t o  68*5 d e g r e e s  th e  r a te  o f  r e s p i r a t i o n  in c r e a s e d  
g r e a t l y ,  and a c t u a l  s t im u la t io n  o c c u r r e d . T h is  was g r e a te r  
i n  th e  e a r l y  h a r v e s te d  sam p les th an  in  th e  l a t e r *  In  e a r ly  
h a r v e s te d  f r u i t  t h i s  in c r e a s e  was o f t e n  m a in ta in e d  a t  th e  
h ig h e r  s to r a g e  te m p e r a tu r e , but i n  th e  l a t e r  p ic k in g s  th e  
r e s p i r a t i o n  r a te  soon  r e tu r n e d  to  i t s  norm al v a lu e *  He 
a l s o  fo u n d  t h a t  th e  r e s p i r a t i o n  r a t e  fo l lo w e d  th e  v a n rt  
H o ff Law b etw een  32*5  and 68*5 d e g r e e s  P . H ard in g  (3 6 )  
s u b s t a n t ia t e s  t h e s e  r e s u l t s *  O nslow , K id d , and West (65 )  
fou n d  th a t  a p p r o x im a te ly  h a l f  o f  th e  in d u c in g  su g a rs  was 
u s e d  i n  r e s p i r a t i o n ,  and c o n s id e r e d  t h i s  t o  be th e  f r u c t o s e  
f r a c t i o n .  They b e l ie v e d  th e  g lu c o s e  f r a c t i o n  to  be in a c t iv e *  
C o r r e la t io n s . In  a t te m p t in g  to  c o r r e la t e  p h y s ic a l  
and c h e m ic a l ch an ges o f  th e  a p p le  f r u i t  d u r in g  m a tu r ity  and 
s t o r a g e ,  c e r t a i n  tr e n d s  are  e v id e n t ,  b u t a r e ,  on th e  w h o le , 
to o  g r a d u a l t o  be  o f  v a lu e  i n  m ea su r in g  m a tu r ity .  I t  h a s  
b een  shown ( 1 3 ,  2 4 ,  2 5 ,  5 2 , 5 3 , 5 4 ) th a t  th e  p r e s su r e  t e s t  
d e c r e a s e s  somewhat d u r in g  th e  m a tu r a tio n  p e r io d ,  b u t th a t  
th e  r a te  o f  change i s  to o  slow  to  be o f  v a lu e  a s  a p ic k in g  
in d ex *  T h is  may b e  c o r r e la t e d  w ith  th e  work o f  Carre (1 5 ,  
1 6 ) ,  and H a lle r  (3 4 ) on th e  p e c t i c  c o n s t i t u e n t s ,  w h ich  th e y  
show to  change v e r y  s lo w ly ,  i f  a t  a l l ,  d u r in g  th e  p e r io d  
im m e d ia te ly  p r o c e e d in g  m a tu r a tio n *  The p r e s s u r e  t e s t  h as  
b een  shown t o  change more r a p id ly  a s  a r u l e ,  in  s t o r a g e ,  
w h ich  a g a in  c o r r e l a t e s  w ith  th e  work o f  th e  above i n v e s t i ­
g a to r s  on th e  p e c t i c  c o n s t i t u e n t s *
W hile  M agness and h i s  co -w o rk er s  (5 0 ,  5 2 ,  5 5 , 5 4 ,  
5 5 ) M a rsh a ll and Waldo (5 7 )  and o t h e r s  have in d ic a t e d  t h a t  
red  c o lo r  ch a n g es are  n o t  t o  fee c o n s id e r e d  o f  v a lu e  in  
e s t im a t in g  m a t u r i ty ,  C o r b e tt  ( 1 9 ) ,  M agn ess, and D ie h l  
( 5 2 ) ,  P la g g e  and Maney (7 1 ) have n o te d  t h a t  f r u i t  p ic k e d  
b e fo r e  a norm al amount o f  c o lo r  h a s d e v e lo p e d  in v a r ia b ly  
w ere s u b j e c t  to  s to r a g e  d is o r d e r s #  W hile c o lo r  may be  
v a r ia b le ,  and f o r  many v a r i e t i e s  a poor in d e x  o f  m a tu r ity ,  
i t  may be  e q u a l ly  tr u e  t h a t  f o r  c e r t a i n  v a r i e t i e s  a g iv e n  
amount o f  c o lo r  d eve lop m en t i s  n e c e s s a r y  to  in s u r e  good  
s to r a g e  q u a l ity #
D a v is  and B l a ir  (2 3 )  s tu d ie d  th e  m a tu r a tio n  o f  
M cIn tosh  and Fameuse v a r i e t i e s  o f  a p p le s  and d e v e lo p e d  a 
s e m i- q u a n t i t a t iv e  s ta r c h  c h a r t ,  b ased  on th e  io d in e  t e s t ,  
f o r  s t a r c h  c o n te n t  f o r  t h e s e  v a r i e t i e s ,  and made d e f i n i t e  
p ic k in g  recom m end ation s b a se d  on t h i s  work* They w ere  
a l s o  a b le  to  c o r r e la t e  p ic k in g  m a tu r ity  o f  th e s e  v a r i e t i e s  
w ith  th e  t o t a l  s o l i d s  c o n t e n t ,  a s  m easured  by th e  r e f r a c t o -  
m eter# T h is  l a s t  t e s t  may be q u e s t io n e d  on th e  b a s i s  o f  
C a ld w e l l ! s i n v e s t i g a t i o n  (1 4 ) where he in d ic a t e d  th a t  th e  
su g a r  c o n te n t  o f  th e  a p p le  f r u i t  v a r ie d  w id e ly  In  d i f f e r e n t  
s e a s o n s ,  th e  v a r ia t i o n s  b e in g  a cco u n ted  f o r  l a r g e l y  by  
c l im a t ic  c o n d it io n s #  The r e s u l t s  o b ta in e d  w ith  th e  s t a r c h  
d e te r m in a t io n s ,  h o w ev er , o f f e r  a p o s s ib le  le a d  f o r  th e s e  
v a r i e t i e s  w h ich  n o r m a lly  have s ta r c h  p r e s e n t ,  but r a p id ly  
d e c r e a s in g  a t  th e  tim e  o f  m a tu r ity #
N e l le r  and 0 v e r le y ( 6 3 )  d e v e lo p e d  a r a th e r  com plex  
“M a tu r ity  F orm ula” , w h ic h , u n f o r t u n a t e ly ,  i s  b a sed  l a r g e l y
51.
on th e  m ature c h a r a c te r s  o f  th e  f r u i t ,  and t h e r e f o r e  o f f e r s  
l i t t l e  i n  th e  way o f  d e te r m in in g  th e  e a r ly  s t a g e s  o f  
m a tu r ity #
M ATERIALS AN-D METHODS
O rchards and V a r i e t i e s .  In  1934 Grimes and Jona­
th a n  f r u i t s  w ere s e l e c t e d  f o r  i n v e s t i g a t i o n ,  and h o th  v a r ie ­
t i e s  were ta k e n  from  th e  o r c h a r d s  o f  E . D. McCain a t  
F r e d e r ic k , M aryland . ( F i g s .  1 and 2 ) .  The Jon ath an  t r e e s  
s e l e c t e d  w ere tw e n ty -tw o  y e a r s  o l d ,  sp a ced  25 x  40  and th e  
Grimes t r e e s  w ere t h i r t e e n  y e a r s  o l d ,  sp a ced  25 x  4 0 ,  w ith  
p e a c h e s  in t e r p la n t e d  b e tw een  th e  r o w s. F u rth er  s e l e c t i o n  
was made on th e  t r e e s  o f  t h e s e  v a r i e t i e s ,  t h i r t y - s i x  t r e e s  
o f  ea ch  v a r ie t y  b e in g  s e l e c t e d  f o r  u n ifo r m ity  o f  grow th and 
c r o p , and r a th e r  h ig h  v i g o r .  The t r e e s  a r e  grow ing  on a 
Penn g r a v e l ly  loam  s o i l ,  and th e  orch ard  r e c e i v e s  a b a s ic  
tr e a tm e n t  o f  f i v e  pounds o f  n i t r a t e  o f  soda p er  t r e e  y e a r ly .  
No m o d i f i c a t io n s  i n  t h i s  tr e a tm e n t were m ade. A weed dod 
was w e l l  e s t a b l i s h e d ,  and was mowed p r e v io u s  t o  h a r v e s t .
In  1934 p ic k in g s  w ere made a t  s i x  c o n s e c u t iv e ,  
w e e k ly  i n t e r v a l s  s t a r t i n g  A ugust 23 w ith  th e  Grimes and 
A ugust 27 w ith  th e  J o n a th a n . S ix  t r e e s  w ere s e l e c t e d  a t  
random from  th e  o r i g i n a l  t h i r t y - s i x  s e l e c t e d  t r e e s  each  
w eek , and two b u s h e ls  o f  f r u i t  w ere t  aken from  ea ch  t r e e  
a s  a sa m p le . Care was ta k en  t o  in s u r e  a random sam ple o f  
f r u i t  from  ea ch  t r e e ,  and f r u i t  was s e l e c t e d  around th e  
t r e e ,  In  th e  m id d le , and a t  th e  t o p .  I t  was h op ed , by  
t h i s  p r o c e d u r e , t o  se c u r e  sam p les th a t  amply r e p r e s e n te d  
th e  v a r ia t i o n  to  be foun d  on a g iv e n  t r e e  and b etw een  t r e e s ,
Figure 1
F ig u r e  2
F ig u r e  3
F ig u r e  4
G rim es t r e e s  s e l e c t e d  in  1934  
a t  F r e d e r ic k , M aryland , show ing  
t r e e s  p ic k e d  a t  each  h a r v e s t  
d a te*
Jon ath an  t r e e s  s e l e c t e d  in
1934 a t  F r e d e r ic k , M aryland , 
sh ow in g  t r e e s  p ic k e d  a t  e a ch  
h a r v e s t  d a te*
G rim es t r e e s  s e l e c t e d  in  1935  
a t  C o l e s v i l l e ,  M aryland show ing  
t r e e s  p ic k e d  a t  ea ch  h a r v e s t  
d a te*
Jon ath an  t r e e s  s e l e c t e d  i n
1935 a t  F r e d e r ic k , M aryland  
sh ow ing t r e e s  p ic k e d  a t  each  
h a r v e s t  d a te *
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th e r e b y  e n h a n c in g  th e  v a lu e  o f  any s i g n i f i c a n t  v a lu e s  fou n d  
l a t e r  i n  th e  i n v e s t i g a t i o n .
In  1935 th e  same v a r i e t i e s  w ere u sed  f o r  s tu d y .
The Jonath an  v a r i e t y  was ta k e n  from  th e  same orch a rd  a s  in  
1 9 3 4 , b u t  a  you n ger  p la n t in g  o f  t r e e s  ( F ig .  4 )  was u sed  
b e c a u se  th e  o ld e r  J o n a th a n s f a i l e d  to  s e t  a c r o p . T hese  
t r e e s  w ere t h i r t e e n  y e a r s  o ld  a t  t h e  tim e  and w ere p la n te d  
20 x  4 0 ,  a f i l l e r  row o f  p e a c h e s  o c c u r r in g  b e tw een  th e  r o w s.  
The row s were p la n te d  t o  a l t e r n a t i n g  t r e e s  o f  th e  Jon ath an  
v a r ie t y  and Home B eau ty  v a r i e t y .  S e l e c t io n  o f  t r e e s  was 
made on th e  same b a s i s  a s  i n  1 9 3 4 , e x c e p t  t h a t  o n ly  tw e n ty -  
f i v e  t r e e s  w ere s e l e c t e d ,  and o n ly  f i v e  w eek ly  p ic k in g s  were  
p la n n e d . The c u l t u r a l  c o n d it io n s  under w h ich  th e  t r e e s  w ere  
grown w ere th e  same a s  th o s e  i n  1 9 3 4 .
Sam ples w ere tak en  a s  in  1 9 3 4 , th e  p ic k in g s  s t a r t i n g  
A ugust 2 9 ,  1 9 3 5 . Due t o  th e  ten d e n c y  f o r  th e  f r u i t  to  drop  
in  t h i s  y e a r  th e  grow er found  i t  n e c e s s a r y  to  h a r v e s t  th e  
b u lk  o f th e  crop  d u r in g  th e  week b e fo r e  th e  l a s t  h a r v e s t  
d a te  p lan n ed  in  th e  i n v e s t i g a t i o n ,  so th a t  th e  l a s t  p ic k ­
in g  i s  n o t  r e p r e s e n t a t iv e .  A random sam ple o f  fo u r  b u s h e ls  
was ta k e n  from  s e v e r a l  t r e e s  a s  a s u b s t i t u t e  f o r  th e  r e g u la r  
p ic k in g ,  and r e p r e s e n t s  th e  f r u i t  l e f t  on th e  t r e e  a f t e r  th e  
b u lk  o f  th e  crop  was h a r v e s t e d , presum ably  b e c a u se  i t  was 
c o n s id e r e d  more im m ature.
The Grim es t r e e s  s e l e c t e d  f o r  s tu d y  in  1935 were 
t h i r t e e n  y e a r s  o l d ,  and were lo c a t e d  in  an o rch a rd  owned 
by G. R u st Canby n e a r  C o l e s v i l l e ,  M aryland . ( F ig .  3 ) .
The b rch ard  and t r e e s  w ere s e l e c t e d  on th e  same b a s i s  a s
th o s e  r e p o r te d  a b o v e , an d , a s  w ith  t h e  Jon ath an  v a r i e t y ,  
t w e n t y - f iv e  t r e e s  w ere s e l e c t e d ,  f i v e  t o  be  h a r v e s te d  e a c h  
w eek u n t i l  t h e  c o m p le t io n  o f  th e  h a r v e s t*  As in  th e  c a s e  
o f  th e  Jon ath an  v a r i e t y ,  th e  f r u i t  s t a r t e d  t o  drop  b e fo r e  
th e  f i v e  w e ek ly  p ic k in g s  c o u ld  b e  c o m p le te d , and th e  
grow er fou n d  i t  n e c e s s a r y  t o  h a r v e s t  th e  b u lk  o f  th e  crop  
b etw een  t h e  t h ir d  and f o u r t h  p ic k in g  d a te s*  The l a s t  two 
sa m p le s , in  t h i s  c a s e ,  r e p r e s e n t  f o u r  b u s h e ls  ta k e n  a t  
random from  s e v e r a l  t r e e s ,  and a re  n o t  r e p r e s e n t a t iv e  t>f 
th e  r e g u la r  p ic k in g s  f o r  th e  r e a so n s  g iv e n  above*
The Grimes orch ard  was grown u n d er  a sod  crop  
sy s tem  w ith  a y e a r ly  n i t r o g e n  a p p l i c a t io n  o f  s i x  pounds o f  
sodium  n i t r a t e  p e r  t r e e *  The sod  crop  was o f  w e e k s , and  
was mowed p r e v io u s  t o  h a r v e s t in g *  The s o i l  ty p e  was a 
f e r t i l e ,  upsh ur loam . The t r e e s  w ere p la n te d  t h i r t y  f e e t  
square*
O ther p ic k in g s  o f  Grimes were ta k e n  from  a n earb y  
o rch a rd  lo c a t e d  a t  O ln ey , M aryland , T h ese t r e e s  w ere ab ou t  
tw e n ty  y e a r s  o l d ,  and w ere o f  i n t e r e s t  b e c a u se  th e y  w ere  
v e r y  d e v i t a l i z e d ,  and had r e c e iv e d  no n it r o g e n  a p p l ic a t io n s  
f o r  many y e a r s .  W eekly sam p les o f  two to  fo u r  b u s h e ls  were  
ta k e n  from  A ugust 29  to  Septem ber 1 9 , a t  w h ich  t im e  th e  
f r u i t  was h a r v e s te d  by  th e  grower* The orch ard  was in  a 
p erm an en t, th ou gh  l i g h t ,  w eed , sod  c r o p , w h ich  showed th e  
l a c k  o f  n i t r o g e n  n e a r ly  a s  much a s  th e  t r e e s  th e m se lv e s*
A f te r  h a r v e s t  th e  f r u i t  was removed im m ed ia te ly  
to  C o l le g e  ^ a rk , M aryland , where i t  was p la c e d  i n  s t o r a g e .  
In  1934 th e  f r u i t  was n o t w ash ed , or t r e a t e d  in  any way
e x c e p t  f o r  g r a d in g , b e fo r e  p la c in g  in' s to r a g e *  In  1935  
th e  f r u i t  w as w ashed and grad ed  b e fo r e  b e in g  s to r e d *  The 
s to r a g e  tem p era tu re  was u n ifo rm  in  th e  two y e a r s ,  and was 
32 d e g r e e s  F* H um idity  in  s to r a g e  was a p p r o x im a te ly  
8 0 - 8 5  p e r c e n t  r e l a t i v e  h u m id ity *
The f r u i t  was grad ed  f o r  s i z e  b e fo r e  s t o r in g ;  
th r e e  s i z e  grou p s w ere a r b i t r a r i l y  d e term in ed  upon: (1 )  
u n der 2 - 1 / 4  in c h e s ,  (2 )  2 - 1 /4  t o  2 - 1 /2  in c h e s ,  and (3 )  
o v e r  2 - 1 / 2  in c h e s ,  h e r e a f t e r  r e f e r r e d  t o  a s  th e  s m a l l ,  
medium, and la r g e  s i z e  grou p s r e s p e c t i v e l y ,  and a l l  th e  
f r u i t  was a l l o c a t e d  to  i t s  a p p r o p r ia te  s i z e  group* The 
f r u i t  from  e a c h  t r e e  was k e p t  se p a r a te  th r o u g h o u t , and  
c o u n ts  w ere made t o  d e ter m in e  th e  p r o p o r t io n a te  number 
o f  f r u i t  from  ea ch  t r e e  f a l l i n g  in to  each  s i z e  g ro u p , and 
th e r e b y  th e  a v e ra g e  f r u i t  s i z e  f o r  th e  t r e e  c o u ld  be c a lc u ­
la t e d *
Three l o t s  o f  tw e n ty  f r u i t s  e a c h  th en  w ere s e l e c t e d
a t  random from  each  s i z e  group from  ea ch  t r e e ,  a s  f a r  a s
th e  m a te r ia l  a l lo w e d , was w e ig h e d , and p la c e d  in  open b ags  
in  s t o r a g e .  T h is  f r u i t  was u se d  f o r  th e  c h e m ic a l d e te r m i­
n a t i o n s ,  and a l s o  a s  m easure o f  t h e  l o s s  o f  w e ig h t  in  
s to r a g e *  One l o t  was u se d  im m e d ia te ly , and one a t  th e  
tim e  o f  ea ch  s to r a g e  sam ple*
The p h y s ic a l  d e te r m in a t io n s  w ere made on l o t s  o f
f r u i t  s e l e c t e d  from  th e  rem ain d er  o f  th e  f r u i t  from  ea ch
s i z e  l o t  from  e a c h  t r e e ,  w h ich  was s to r e d  in  b u s h e l b a s k e ts*
T em perature and r a i n f a l l  d a ta  f o r  F r e d e r ic k ,  
M aryland a r e  g iv e n  in  f i g s *  5 and 6 f o r  1934 and 1 9 3 5 ,
F ig u r e  5* T em perature and r a i n f a l l  d a ta  f o r  
th e  p e r io d  c o v e r in g  th e  p ic k in g  
d a te s  o f  G rim es and Jonath an  
v a r i e t i e s  in  1 9 3 4 , a t  F r e d e r ic k ,  
M aryland*
F ig u r e  6* T em perature and r a i n f a l l  d a ta  f o r  
th e  p e r io d  c o v e r in g  th e  p ic k in g  
d ays o f  th e  Jonath an  v a r i e t y  in  
1935*, a t  F r e d e r ic k , M aryland*
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r e s p e c t i v e l y .  T h ese d a ta  w ere o b ta in e d  from  th e  U n ite d  
S t a t e s  W eath er Bureau i n  W a sh in g to n , D. C, from  r e c o r d s  
c o m p ile d  by t h e  Government W eather S t a t io n  a t  F r e d e r ic k ,  
M aryland . The d a ta  p r e s e n te d  c o v e r s  th e  e n t i r e  h a r v e s t  
p e r io d  u n d er  i n v e s t i g a t i o n  and th e  p r e c e d in g  and f o l lo w ­
in g  w eek . T h ese  r e c o r d s  w ere o b ta in e d  t h a t  th e  i n f l u e n c e ,  
i f  a n y , o f  c l i m a t ic  f a c t o r s  upon th e  m a tu r a tio n  p r o c e s s e s  
c o u ld  be d eterm in ed *  r
P r e ssu r e  T e s t .  P r e ssu r e  t e s t  m easurem ents were 
made on a l l  l o t s  o f  f r u i t  a t  th e  tim e  o f  h a r v e s t ,  and a t  
th e  d a te s  s to r a g e  sam p les w ere t a k e n .  F or ea ch  t e s t ,  
sam p les o f  tw en ty  f r u i t s  were s e l e c t e d  a t  random from  e a ch  
l o t  o f  f r u i t ,  and th e  p r e s s u r e  t e s t  w as made a f t e r  c o lo r  
e s t i m a t e s ,  e l e c t r i c a l  m a tu r ity  t e s t e r  r e a d in g s ,  and  
o b s e r v a t io n a l  n o t e s  had b een  tak en  on th e  sa m p le . A 
M agness and T a y lo r  ty p e  o f  p r e s s u r e  t e s t e r  was u sed  
th r o u g h o u t .
The p r e s s u r e  t e s t  was made a t  th r e e  p o in t s  abou t 
th e  c ir c u m fe r e n c e  o f  th e  f r u i t  a t  th e  c h e e k , w ith  th e  s k in  
rem oved . The s i x t y  r e a d in g s  th u s  o b ta in e d  from  th e  tw e n ty  
f r u i t s  were a v e r a g e d , and th e  a v e r a g e  was c o n s id e r e d  a§ th e  
p r e s s u r e  t e s t  o f  th e  l o t .
E l e c t r i c a l  M a tu r ity  T e s t e r .  The i d e n t i c a l  sam p les  
o f  f r u i t  u sed  f o r  th e  p r e s s u r e  t e s t  d a ta  w&re u sed  in  ob­
t a i n i n g  th e  e l e c t r i c a l  m a tu r ity  t e s t e r  r e a d in g s .  The 
f r u i t  was t e s t e d  a g a in  a t  th r e e  p o in t s  around th e  c i r ­
cu m feren ce  a t  th e  c h e e k , but th e  s k in  was n o t  removed f o r  
t h i s  t e s t .  An a v era g e  o f  th e  s i x t y  r e a d in g s  th u s  o b ta in e d
was c o n s id e r e d  t o  b e  th e  e l e c t r i c a l  m a tu r ity  t e s t e r  read­
in g  f o r  th e  l o t *  The e l e c t r i c a l  m a tu r ity  t e s t e r  u sed  i s  
s im i la r  t o  th a t  d e v is e d  by Moore* The r e a d in g s  a r e  r e p o r t ­
ed  d i r e c t l y  a s  rea d  on th e  in s tr u m e n t  in  m illiB im p er s , m u lt i ­
p l i e d  b y  100 f o r  e a s e  in  h a n d lin g *  A p o t e n t i a l  o f  th r e e  
v o l t s  was m a in ta in e d  b etw een  th e  e l e c t r o d e s  th ro u g h o u t  
t h i s  i n v e s t i g a t io n *
In  1954 th e  e l e c t r i c a l  m a tu r ity  t e s t e r  r e a d in g s  
w ere ta k e n  a t  s to r a g e  te m p e r a tu r e , s t a r t i n g  w ith  th e  secon d  
h a r v e s t ,  a s  th e  in s tr u m e n t was n o t  o b ta in e d  u n t i l  t h i s  tim e*  
I n  1935  th e  r e a d in g s  were ta k e n  a t  room te m p e r a tu r e , and t h i s  
d i f f e r e n c e  in  tem p era tu re  a c c o u n ts  f o r  th e  d i f f e r e n c e  in  
mean l e v e l  o f  th e  r e a d in g s  in  th e  two y e a r s  — ab ou t t e n  
u n it s *
C o lo r * Ground c o lo r  e s t im a t e s  w ere made on th e  
Grimes v a r i e t y  in  b o th  y e a r s ,  u s in g  a M agness and D ie h l  (5 2 )  
c o lo r  ch a rt*  P e r c e n ta g e  r ed  c o lo r  f o r  th e  Jonath an  v a r i e t y  
was e s t im a te d  by in s p e c t io n  i n  ea ch  year*  The same sam p les  
o f  f r u i t  u se d  f o r  th e  p r e s s u r e  t e s t  and e l e c t r i c a l  m a tu r ity  
t e s t e r  r e a d in g s  were u sed  i n  ea ch  ca se*
M is c e l la n e o u s * In  1935 e s t im a te s  were a ls o  made 
o n  sh r in k a g e  and r u s s e t i n g ,  u s in g  th e  same f r u i t  u sed  in  th e  
above i n v e s t i g a t io n s *
C hem ical S am p les* Sam ples o f  tw en ty  f r u i t s  from  
ea ch  s i z e  group from  two t r e e s  e a ch  o f  Grimes and Jonathan  
w ere p r e s e r v e d  f o r  c h e m ic a l a n a ly s i s  In  1934* S l i c e s  o f  
o n e - t h ir d  to  o n e - s ix t h  o f  th e  t o t a l  f r u i t ,  d ep en d in g  on i t s  
s i z e ,  were ta k en  from  ea ch  o f  th e  tw e n ty  f r u i t s ,  p e e le d  and
c o r e d , and s l i c e d  in to  t h in  s l i c e s  w ith  a m eat s l i c e r .
One hundred grams o f  t h i s  f r u i t  f l e s h  was p r e se r v e d  
im m e d ia te ly  in  s u f f i c i e n t  h o t 95 p er  c e n t  a lc o h o l  t o  make 
th e  f i n a l  c o n c e n tr a t io n  a p p r o x im a te ly  70 p e r  cen t*  T hese  
sam p les w ere s to r e d  in  s e a le d  t i n  ca n s u n t i l  th e  a n a ly s e s  
w ere r u n . To each  sam ple 0*5 grams o f  c a lc iu m  c a rb o n a te  
w ere a d d ed . C u ring  th e  tim e th e  sa m p les w ere in  s to r a g e  
th e r e  was no a p p a ren t d e t e r i o r a t i o n  due t o  th e  m e ta l con­
t a i n e r .
T o ta l  S o l i d s .  T o ta l  s o l i d s  were d e term in ed  a f t e r  
e x t r a c t io n  o f  th e  e n t i r e  one hundred gram sam ple on a 
S o x h le t  e x t r a c t io n  a p p a ra tu s  f o r  e ig h t  h o u r s , w h ich  was th e  
t im e  fou n d  to  b e  n e c e s s a r y  f o r  e x t r a c t io n  o f  th e  s o lu b le  
c a r b o h y d r a te s . The e n t i r e  a lc o h o l  in s o lu b le  r e s id u e  was 
w eigh ed  a f t e r  72 h o u rs d r y in g  under fo r c e d  d r a f t  a t  65 
d e g r e e s  C. No c a r a m e l iz a t io n  was fou n d  in  th e  in s o lu b le  
r e s id u e  a t  t h i s  te m p e r a tu r e . A fte r  th e  a lc o h o l  e x t r a c t  
was made to  volum e a t  1000 m l . ,  50 m l. a l iq u o t s  o f  th e  
a lc b h o l  s o lu b le  m a t e r ia l  were ta k e n  and th e  a lc o h o l  s o lu b le  
m a t e r ia l  was d e term in ed  by d r y in g  a t  65 d e g r e e s  C. f o r  
s e v e n ty -tw o  h o u r s . C a r a m e liz a t io n  was la c k in g  or v e r y  
s l i g h t  a t  t h i s  te m p e r a tu r e . The t o t a l  dry w e ig h t  was 
fou n d  by a d d in g  t h e s e  tv/o d r ie d  p o r t io n s ,  and d e d u c t in g  
th e  c a lc iu m  c a r b o n a te  added to  th e  sa m p le .
R edu cing  S u b s ta n c e s . A f te r  e x t r a c t io n  was co m p lete  
th e  a lc o h o l  s o lu b le  p o r t io n  was made to  volume a t  1000 m l. 
A liq u o t s  o f  100 m l. o f  t h i s  e x t r a c t  were e v a p o r a te d  on a 
sand b a th , w ith  c o o l  a i r  b lo w in g  o v e r  th e  sam ple c o n s t a n t ly
t o  k eep  th e  tem p er a tu r e  o f  th e  s o lu t io n  down. A f te r  th e  
a lc o h o l  was e v a p o r a te d  th e  sam ple was d i lu t e d  w ith  d i s t i l l e d  
w a te r  t o  a p p r o x im a te ly  100 m l . ,  and c le a r e d  w ith  n e u tr a l  
l e a d  a c e t a t e .  The e x c e s s  le a d  was rem oved w ith  c a lc iu m  
o x a l a t e .  The a l iq u o t  was made to  volum e o f  250  m l. from  
w h ich  50 m l. a l iq u o t s  w ere ta k e n  f o r  th e  d e te r m in a t io n  o f  
r e d u c in g  s u b s t a n c e s .  The M unson-W alker r e d u c t io n  and th e  
S c h a e f f e r  and Hartman io d o m e tr ic  d e te r m in a t io n  f o r  CuO 
was u s e d , and r e d u c in g  s u b s ta n c e s  c a lc u la t e d  a s  in v e r t  
su gar  from  th e  Munson and W alker c o n v e r s io n  t a b l e s .
T o ta l  S u g a r s .  From th e  sam ple c le a r e d  f o r  r e ­
d u c in g  su g a r  d e te r m in a t io n s  100 m l. a l iq u o t s  w ere ta k e n  
and 10 ml* HC1 (S p . Gr. 1 .1 2 5 0 )  ad d ed . T h is  was a llo w e d  
to  s ta n d  a t  room tem p era tu re  o v er  n i g h t ,  and t o t a l  su g a rs  
w ere d e term in ed  on  th e  h y d r o ly z e d  s o lu t io n  th e  f o l lo w in g  
d a y . The a c id  was n e u t r a l iz e d  w ith  HaOH and th e  sam ple  
made to  volum e a t  250  m l. from  w hich  50 m l. cam p les were 
ta k en  f o r  r e d u c t io n ,  a s  u n d er  r e d u c in g  s u g a r s , and con­
v e r te d  t o  in v e r t  su g a r , u s in g  th e  Munson and W alker con­
v e r s io n  t a b l e s .
S u c r o s e . S u cro se  was c a lc u la t e d  a s  th e  d i f f e r e n c e  
b etw een  t o t a l  su g a r s  and r e d u c in g  s u g a r s .
S ta r c h .  I t  was f e l t  th a t  th e  d e te r m in a t io n  o f  
s t a r c h  sh o u ld  be a s  a c c u r a te  a s  p o s s i b l e  in  t h i s  i n v e s t i ­
g a t io n ,  a s  some hope was h e ld  t h a t  th e  ch an ges in  th e  s ta r c h  
c o n te n t  o f  th e  f r u i t  m igh t be v e r y  i n d ic a t iv e  o f  th e  s ta g e  
o f  m a t u r i ty .  F or t h i s  r e a s o n  th e  m ethod o f  Denny (2 6 ) was 
u se d  in  t h i s  i n v e s t i g a t i o n .
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TABLE I —  D if fe re n c e s  in the  Per Cent S ta rc h  in  V arious T issues as  
Determined "by th e  Method Used (From Denny ( 2 6 ) ) .
P la n t  and T issue ,
•
t
Q u a n t i- :P e r  Cent S ta rch  on Air Dry Weight by Following: Methods
t a t i v e  : Acid H ydrol-: M odified  
Test : y s i s  o f : Walton 
f o r  : Powder, : and Coe, 
S t a r c h . : :
T ak ad ia s ta se :  Calcium 
W ithout Acid: C h lo ride





4. : 2 3 .C : 5 .2 4
•
5 .01  : 5 .31
D ah lia  Hoot
• •
: 55 .6  : 10.96
•
0 .8 7  :
Apple F r u i t  F le sh  (York)
• I• •
4. : 44.0 J 15.36
9
13 .20  i 14 .02
Apple F r u i t  F le sh  (S u tto n )
• •
4. : 34.8 : 5 .73 5 .72  : 5 .13
A-pple F r u i t  F lesh( Greening)
•  9
4. : 32.6 : 1 .78
•
1 .44  ! 0 .67
Apple F r u i t  Flesh(M cIntosh)
1 •
* : 31 .6  : 2 .80
•
2 .82  : 0 .23
Po ta to  Tuber
» •




Denny showed c o n c lu s i v e l y  ( t a b l e  I ) ,  u s in g  a w ide  
range o f  m a t e r ia l ,  t h a t  th e  common m ethods o f  s t a r c h  a n a ly ­
s e s  on many p la n t  m a te r ia ls ^  w ere l i a b l e  to  r a th e r  la r g e  
e r r o r ,  e s p e c i a l l y  in  th e  p r e se n c e  o f  c e r t a i n  compounds#
At th e  b e g in n in g  o f  t h i s  i n v e s t i g a t i o n  com p arison s w ere  
made u s in g  sam p les o f  Y e llo w  T ran sp aren t f r u i t  f l e s h  t o  
f u r t h e r  t e s t  th e  c la im s  made by Denny* T ab le  IX shows th e  
r e s u l t s  o b ta in e d  w h ich  s u b s t a n t ia t e  D enny*s c la im s*  Prom 
t h a t  p o in t  on th e  m ethod o f  Denny was u sed  e n t i r e ly *  As 
th e  m ethod h a s  n o t been  e x t e n s i v e l y  u sed  i t  i s  d e s c r ib e d  
in  d e t a i l  h ere*
In  th e  a n a l y s i s  f o r  s t a r c h  in  t h i s  s tu d y  0*5 gram 
sam p les o f  th e  a lc o h o l  in s o lu b le  f r a c t i o n  were u sed  th rou gh ­
ou t*  T h is  f r a c t i o n  was f i r s t  ground to  p a ss  a hundred m esh  
s c r e e n  w ith  a W ile y  m ic r o m ill#
The w e ig h e d , powdered t i s s u e  was p la c e d  in  a m o rta r , 
m o is te n e d  w ith  w a te r , and d i s in t e g r a t e d  b y  g r in d in g #  T h is  
m ethod o f  g r in d in g  in  a m ortar  was l a t e r  m o d if ie d  s l i g h t l y  
by u s e  o f  a b a l l  m i l l ,  i n  w h ich  th e  powdered sam ple was 
p la c e d  i n  a s m a ll  g la s s  j a r ,  w ith  s e v e r a l  s m a ll ,  sm ooth  
s t o n e s ,  and 10 ml# w a ter  were added# A few  d rop s o f  
to lu e n e  were added t o  d e t e r  b a c t e r i a l  developm ent# These  
j a r s  w ere r o ta t e d  o v e r n ig h t ,  w hich was found to  b e  s u f f i ­
c i e n t  tim e  t o  a l lo w  th orou gh  d i s in t e g r a t io n  o f  th e  pow dered  
m a te r ia l*  M ic r o sc o p ic  e x a m in a tio n  o f  th e  m a te r ia l  a t  th e  
end o f  th e  g r in d in g  p e r io d  shows I t h a t  m ost o f  th e  c e l l s  were  
r u p tu r e d , and t h a t  none was n o t d i r e c t l y  exp osed  to  th e  ex ­
t r a c t i n g  s o lu t io n s #
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TABLE I I  —• Comparison of T akad iastase  D igestion  
and Denny1s Method of S tarch  D eterm ination on 
Yellow T ransparent F r u i t .
Per Cent Dry Weight Per Cent








by T akadiastase 
D igestion
1. 13.22 3.74 72
2. 14.98 5.73 62
3. 18.02 5.26 81
4. 7.25 5.15 29
5. 7.14 5.33 25
6. 9 .83 5.10 48
7. 7.37 5.40 27
8. 5.73 5.17 10
A fte r  g r in d in g ,  th e  m a t e r ia l  w as t r a n s f e r r e d  w ith  
a s m a ll  j e t  o f  w a te r  t o  a la r g e  c e n t r i f u g e  t u h e ,  c a p a c ity  
100 m l# , th e  amount o f  w a te r  n e c e s s a r y  to  make th e  t r a n s f e r  
b e in g  m ea su red , u s u a l ly  20  ml# S m all t e s t  tu b e  “w ash11 
b o t t l e s  w ere u se d  t o  make th e  t r a n s f e r ,  w ith  th e  tu b e s  
m arked in  10 ml# g r a d u a t io n s , so th e  amount o f  w a te r  u sed  
c o u ld  b e  r e a d i l y  d eterm in ed #  A q u a n t i ty  o f  CaCl*6H20 e q u a l  
t o  tw ic e  th e  amount o f  w a te r  u sed  in  g r in d in g  and m aking  
th e  t r a n s f e r  (a b o u t 60 grams f o r  th e  te n  ml# w a te r  u se d  
in  g r in d in g  and th e  20 ml# w ater  u se d  in  m aking th e  t r a n s f e r )  
was w e ig h ed  o u t ,  added to  th e  c e n t r i f u g e  tu b e  c o n t a in in g  th e  
m a t e r i a l ,  and th e  tu b e  p la c e d  in  a b o i l i n g  w a ter  b a th  f o r  
tw e n ty  m in u tes#  I t  was th e n  b rou gh t to  a b o i l  o v e r  a f r e e  
f la m e , c e n t r i f u g e d ,  and th e  c le a r  l i q u i d  d e c a n te d  in t o  a 
l i t e r  beak er*  A v e r y  sm a ll q u a n t ity  o f  th e  s o l i d  m a te r ia l  
f l o a t e d  to  th e  to p  o f  th e  e x t r a c t io n  s o lu t io n  d u r in g  th e  
a c t i o n  o f  th e  c e n tr i f u g e #  Most o f  t h i s  ad h ered  to  th e  s id e s  
o f  t h e  c e n t r i f u g e  tu b e ,  bu t a sm a ll amount was t r a n s f e r r e d  t o  
th e  b eaker#  As t h i s  was a lw a y s a v e r y  sm a ll p o r t io n  o f  th e  
t o t a l ,  i t  was d is r e g a r d e d #  The l i q u i d  in  th e  c e n tr i f u g e  
tu b e  a lw a y s  became c le a r  w ith  s u f f i c i e n t  c e n t r i f u g in g ,  a l ­
th o u g h  th e  tim e  n e c e s s a r y  v a r ie d  w id e ly .  Four volum es  
o f  w a te r  w ere added  to  th e  d e c a n te d  l iq u i d  In  th e  beaker*
To th e  r e s id u e  in  th e  c e n tr i f u g e  tu b e ,  20 ml* o f  
c o n c e n tr a te d  c a lc iu m  c h lo r id e  s o l u t i o n  (2 p a r t s  CaCl*6H20) 
t o  1 p a r t  w a ter  by w e ig h t )  were added* A gain  th e  m a te r ia l  
was h e a te d  w ith  th e  e x t r a c t io n  s o l u t i o n  in  a b o i l i n g  w a ter  
b a th  f o r  tw e n ty  m in u te s , brought t o  a b o i l  o v e r  a f r e e
f  Igm e, c e n t r i f u g e d ,  and d ecan ted #  About fo u r  s u c c e s s iv e  
e x t r a c t i o n s  w ith  c a lc iu m  c h lo r id e  were found to  be n e c e s ­
sa r y  w ith  m ost sam p les#  H owever, th e  r e s id u e  was t e s t e d  
m ic r o c h e m ic a lly  a f t e r  th e  t h ir d  e x t r a c t i o n .  In  a few  
c a s e s  where m ic r o c h e m ic a l e x a m in a tio n  showed l i t t l e  
s t a r c h  p r e s e n t ,  t e s t s  w ere made a f t e r  th e  f i r s t  or  seco n d  
e x t r a c t i o n .  In  any c a s e ,  e x t r a c t io n  was r e p e a te d  u n t i l  
one e x t r a c t io n  was made a f t e r  m ic r o c h e m ic a l e x a m in a tio n  
o f  th e  r e s id e  w ith  io d in e  showed no more s ta r c h  t o  be 
p r e s e n t .  A f t e r  t h i s  l a s t  e x t r a c t io n  a s i n g le  e x t r a c t io n  
was made in  w h ich  th e  r e s id u e  was a llo w e d  to  s ta n d  o v e r ­
n ig h t  in  c o n ta c t  w ith  t h e  c a lc iu m  c h lo r id e  e x t r a c t in g  
s o l u t i o n .
To th e  d e c a n te d  and d i l u t e d  s o lu t io n  in  th e  
b e a k e r s  a few  d rop s o f  a s a tu r a te d  s o lu t io n  o f  io d in e  in  
t e n  p er  c e n t  p o ta ss iu m  io d id e  was ad d ed , and a d d i t io n a l  
am ounts were added u n t i l  an e x c e s s  o f  io d in e  was a p p a ren t  
in  th e  s o l u t i o n .  T h is  c o u ld  be t e s t e d  f o r  In  th e  s o l u t i o n ,  
e v en  when i t  tu r n e d  a v e r y  dark b lu e ,  by o b s e r v in g  th e  
f r o t h  form ed when th e  m ix tu r e  was s t i r r e d  v i o l e n t l y ,  or  
by o b s e r v in g  a drop  o f  th e  s o l u t i o n  on th e  end o f  a 
s t i r r i n g  r o d . A p r e c i p i t a t e  o f  s t a r c h - io d id e  u s u a l ly  
form ed w it h in  a few  h o u r s , b u t was a lw ays a llo w e d  t o  stan d  
o v e r n ig h t  to  in s u r e  co m p lete  p r e c i p i t a t i o n ,  and to  a llo w  
l a r g e r  p a r t i c l e s  o f  th e  p r e c i p i t a t e  t o  fo rm .
The s t a r c h - io d id e  p r e c i p i t a t e  was th e n  t r a n s f e r r e d  
q u a n t i t a t i v e l y  t o  a f i n e  a s b e s t o s  mat w h ich  had p r e v io u s ly  
b een  p rep a red  on a Buchner f u n n e l .  The p r e c i p i t a t e  was
w aslied  f i r s t  w ith  c o ld  and tb e n  h o t  95 p e r c e n t  a l c o h o l ,  
w h ich  rem oved th e  c a lc iu m  c h lo r id e ,  p o ta ss iu m  io d i d e ,  and 
some o f  th e  io d in e *  The a s b e s t o s  mat and p r e c i p i t a t e  was 
th e n  t r a n s f e r r e d  w it h  a l i t t l e  w a te r  and a ru b b er t ip p e d  
s t i r r i n g  rod  to  a 200 ml* E rlenm eyer f l a s k ,  p la c e d  on a 
sand  b a t h ,  and b o i l e d  s lo w ly  f o r  a few  m in u tes*  Care was 
ta k e n  to  p r e v e n t  bumping* The s t a r c h - io d id  p r e c i p i t a t e  
was b rok en  up by t h i s  p r o c e s s  and th e  io d in e  v o l a t i l i z e d ,  
a s  c o u ld  be se en  by  th e  c o lo r  o f  th e  s o lu t io n *  I t  was 
th e n  p la c e d  on a steam  b a th  f o r  an hour o r  so u n t i l  a l l  
th e  io d in e  had been  v o l a t i l i z e d ,  a s  c o u ld  be r e a d i l y  
d e ter m in e d  b y  th e  odor o f  th e  m ix tu re*
A f te r  a l l  th e  io d in e  was rem oved th e  s o lu t io n  was 
c o o le d ,  enough f r e s h l y  made t a k a d ia s t a s e  s o lu t io n  added to  
make 0*05  gms# t a k a d ia s t a s e ,  and 10 cc  o f  an a c e t i c  a c id -  
sodium  a c e t a t e  b u f f e r  s o l u t i o n  (p*H. 5 .4 )  was added* A 
few  cc*  o f  t o lu e n e  were added to  p r e v e n t b a c t e r i a l  and 
m old grow th*
The sam ple was p la c e d  i n  an in c u b a to r  a t  38  
d e g r e e s  C. f o r  f o r t y  h o u r s , th e  m ix tu re  b e in g  s t i r r e d  
a t  s h o r t  i n t e r v a l s  th ro u g h o u t th e  in c u b a t io n  p er io d *
At th e  end o f  t h i s  p e r io d  th e  d isa p p ea r a n c e  o f  th e  s ta r c h  
was ch eck ed  m icro  c h e m ic a lly  w ith  io d in e *  The s o lu t io n  was 
f i l t e r e d  i n t o  a 250  m l. v o lu m e tr ic  f l a s k ,  w a sh in g  th e  
a s b e s t o s  u n t i l  th e  v o lu m e tr ic  f l a s k  was n e a r ly  f u l l *  I t  
th e n  was made to  vo lu m e, and r e d u c in g  su g a rs  d eterm in ed  by  
th e  u s u a l  m ethodo
T o ta l  N itr o g e n * T o ta l  n i t r o g e n  was d e term in ed  by
th e  u n m o d ifie d  K je ld a h l m ethod* M icro ch em ica l t e s t s  on  
th e  r e s id u e  and a lc o h o l  s o lu b le  m a t e r ia l  w ere made w ith  
d ip h e n y la m in e ,  and a t  no tim e  was t h e r e  any i n d ic a t io n  o f  
n i t r a t e  n i t r o g e n  i n  e i t h e r  f r a c t io n *  ^ h is  c o r r o b o r a te s  
th e  f in d in g s  o f  F le t c h e r  (2 9 ) and Degman (2 4 )*  For t h i s  
r e a so n  i t  was n o t c o n s id e r e d  n e c e s s a r y  to  u se  th e  m o d if ie d  
n i t r o g e n  p r o c e d u r e .
Care was ta k e n  in  th e  e v a p o r a t io n  o f  th e  a lc o h o l  
from  th e  a lc o h o l  f r a c t i o n ,  b a sed  on th e  o b s e r v a t io n s  o f  
•Hanker ( 7 4 ) ,  who showed t h a t  sm a ll am ounts o f  w a te r  m igh t  
m a t e r i a l l y  a f f e c t  th e  n i t r o g e n  d e te r m in a t io n . P r e lim in a r y  
t r i a l s  showed t h a t  a c o n s id e r a b le  p o r t io n  o f  th e  n i t r o g e n  
m ig h t b e  l o s t  i f  d e h y d r a t io n  was in c o m p le te , so  i t  was 
a lw a y s c a r r ie d  t o  th e  p o in t  where no m o is tu r e  was p r e s e n t  
b e fo r e  th e  c h e m ic a ls  f o r  th e  d e te r m in a t io n  were ad d ed ,
A 0 ,5  gram sam ple o f  th e  a lc o h o l  in s o lu b le  f r a c t i o n  
was u s e d  i n  e a ch  c a s e ,  and 100 m l, a l iq u o t s  o f  th e  a lc o h o l  
s o lu b le  f r a c t i o n .  The two p o r t io n s  w ere run  s e p a r a t e ly ,  
and th e  t o t a l  n i t r o g e n  d eterm in ed  by a d d i t io n ,
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P r e ssu r e  T e s t ,  ifth ile  th e  p r e ssu r e  t e s t  h a s  n e v e r  
y ie ld e d  c o n s i s t e n t  and d e c i s iv e  in fo r m a tio n  on th e  m a tu r ity  
o f  th e  a p p le  f r u i t ,  i t  was deemed a d v is a b le  to  t e s t  i t s  
e f f i c i e n c y  under M aryland c o n d i t io n s ,  and to  compare i t  
w ith  o th e r  d e v e lo p m e n ta l ch an ges s tu d ie d *  Xt was found  
t h a t  d u p l i c a t e  l o t s  o f  f r u i t  a lw a y s ch eck ed  v e ry  c l o s e l y ,  
i n d ic a t in g  t h a t  20 f r u i t s  c o n s t i t u t e d  an ad eq u ate  sam p le .
The r e s u l t s  o f  th e  p r e s s u r e  t e s t  m easurem ents  
w ere v e r y  c o n s i s t e n t  i n  s e a s o n a l  t r e n d ,  a lth o u g h  th e  
d i f f e r e n c e s  n o te d  from  w eek to  w eek were n o t  a lw ays  
s t a t i s t i c a l l y  s i g n i f i c a n t *  At any one h a r v e s t  d a t e ,  and 
in  b o th  y e a r s  o f  th e  t e s t ,  th e r e  was a c o n s i s t e n t  in v e r s e  
r e l a t i o n  b e tw een  s i z e  o f  f r u i t  and th e  p r e s s u r e  t e s t  w ith  
b o th  G rim es and Jon ath an  a p p le s*  (P ig s*  7 ,  8 ,  9 ,  and 1 0 ,  
t a b l e s  IX , X, X I , and X I I ) .  In  1934 th e  d i f f e r e n c e  
b etw een  th e  s i z e  gro u p s was l e s s  th a n  in  1935 w ith  b o th  
v a r i e t i e s ,  and in  1934  th e  Jon ath an  v a r i e t y  showed l e s s  
v a r ia t i o n  b etw een  s i z e  grou p s th an  th e  G rim es.
To o b ta in  an e s t im a te  o f th e  p r e s s u r e  t e s t  o f  a 
random sam ple from  th e  t r e e s  an a v e r a g e , w e ig h te d  in  pro­
p o r t io n  to  th e  number o f  f r u i t  f a l l i n g  in  each  s i z e  grou p , 
was c a l c u l a t e d ,  and i s  shown in  f i g s *  7 ,  8 ,  9 ,  and 10 a s  
s o l i d  b la c k  b a r s*  The e f f e c t  o f  m atu ra tion ; , o f  th e  f r u i t  
on th e  p r e s s u r e  t e s t  may b e s t  be m easured from  t h e s e  a v era g e s*
A f t e r  th e  f i r s t  week th e  G rim es, in  1 9 3 4 , shows 
a s t r a i g h t  l i n e a r  d e c r e a s e  in  th e  p r e ssu r e  t e s t ,  am ounting  
t o  a p p r o x im a te ly  t h r e e - f o u r t h s  pounds p er  w eek , or  abou t 
0 .1  pounds p e r  d a y . F or  d a i l y  s i g n i f i c a n c e  th e  d e c r e a s e  
i n  th e  p r e s s u r e  t e s t  w ould  have t o  be c o n s id e r a b ly  la r g e r  
th a n  t h i s ,  p r o b a b ly  around o n e - h a l f  to  t h r e e - f o u r t h s  pounds 
p er  d a y , u s in g  sam ple s i z e s  s im i la r  to  th e  on es u sed  In  
t h i s  I n v e s t i g a t i o n .  D uring th e  f i r s t  week th e  p r e s su r e  t e s t  
d e c r e a se d  a p p r o x im a te ly  th r e e  p ou n d s, a h ig h ly  s i g n i f i c a n t  
amount* T h is  la r g e  i n i t i a l  d e c r e a s e  was p ro b a b ly  due to  a 
r a th e r  la r g e  in c r e a s e  in  f r u i t  s i z e  ( f i g *  20 ) a s  w e l l  a s  t o  
th e  norm al d e c r e a s e  due to  m a tu ra tio n *
F ig u r e
F ig u r e
F ig u r e
F ig u r e
7 .  The p r e s s u r e  t e s t  by s i z e  groups  
and w e ig h te d  a v e r a g e  a t  w eek ly  
i n t e r v a l s  f o r  th e  Grim es v a r i e t y ,  
1 9 5 4 .
8 .  The p r e s s u r e  t e s t  by s i z e  groups  
and w e ig h te d  a v era g e  a t  th e  w e ek ly  
h a r v e s t  i n t e r v a l s  f o r  th e  Jonath an  
v a r i e t y ,  1 9 3 4 .
9 .  The p r e s s u r e  t e s t  by s i z e  grou p s  
and w e ig h te d  a v e r a g e  a t  th e  w e ek ly  
h a r v e s t  i n t e r v a l s  f o r  th e  G rim es 
v a r i e t y ,  1 9 3 5 .
1 0 . The p r e s s u r e  t e s t  b y  s i z e  grou p s  
and w e ig h te d  a v era g e  a t  th e  w e ek ly  
h a r v e s t  i n t e r v a l s  f o r  th e  Jonath an  
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F ig u r e  10*
The Jon ath an  v a r i e t y  showed th e  same tr e n d  in  th e  
p r e s s u r e  t e s t  a s  t h a t  d e s c r ib e d  f o r  th e  Grim es v a r ie ty #
A c o m p a r a t iv e ly  la r g e  i n i t i a l  drop was n o t i c e d  d u r in g  th e  
f i r s t  w eek , ab ou t one and o n e - h a l f  p ou n d s, w h ereas a con­
s t a n t  w e e k ly  d e c r e a s e  o f  a p p r o x im a te ly  0#75  pounds o c c u r r e d  
i n  th e  f o l lo w in g  w eek s u n t i l  th e  l a s t  w e e k ly  i n t e r v a l ,  when 
no d e c r e a s e  was n o t ic e d *  E xcep t f o r  th e  l a s t  w e ek ly  
i n t e r v a l  th e  w e e k ly  d i f f e r e n c e  b etw een  th e  v a r io u s  s i z e  
groups and th e  w e ig h te d  a v era g e  w ere s t a t i s t i c a l l y  s i g n i ­
f i c a n t ,  a lth o u g h  o f t e n  b a r e ly  so# On a d a i l y  b a s i s ,  how­
e v e r ,  s i g n i f i c a n c e  d isa p p ea r ed #  The g r e a t e r  s i g n i f i c a n c e  
o f  th e  w e e k ly  d i f f e r e n c e s  found in  th e  Jonathan  v a r ie t y  a s  
com pared t o  th e  G rim es was due to  th e  s m a lle r  v a r ia t io n  
b etw een  s i z e  grou p s found  w ith  th e  Jonath an  f r u i t  in  t h i s  
yea r#
In  1935 com parab le sam p les c o u ld  n o t  be ta k e n  
th ro u g h o u t th e  f i v e  w eek s o f  th e  t e s t ,  f o r  a f t e r  th e  
t h i r d  w e e k ly  p ic k in g  o f  Grim es and th e  fo u r th  o f  J o n a th a n , 
th e  f r u i t  b egan  t o  drop in  b oth  o r c h a r d s , and i t  was 
n e c e s s a r y  to  h a r v e s t  m ost o f  th e  f r u i t #  As a r e s u l t ,  th e  
l a s t  two p ic k in g s  o f  Grimes i n  1935 and th e  l a s t  p ic k in g  
o f  Jon ath an  In  1935 r e p r e s e n t  one sam ple o f  each  ta k e n  a t  
random from  s e v e r a l  t r e e s #  The d i f f e r e n c e s  in  m a tu r ity  
b etw een  th e  e a r l i e r  sam p les and th e s e  l a t e r  sam p les i s  
a p p a ren t in  th e  r e s u l t s  o b ta in ed *  ( f i g s #  9 and 10)#
I t  became a p p a ren t th a t  th e  f r u i t  was in  a more 
ad van ced  s t a g e  o f  m a tu r ity  i  n 1935 th an  on s im i la r  d a te s
in  1934* The f i r s t  th r e e  p ic k in g s  o f  G rim es in  1935 show 
a tr e n d  v e r y  s im i la r  to  th a t  o f  1 9 3 4 , a f t e r  th e  f i r s t  
p ic k in g ,  and a w e e k ly  d e c r e a s e  o f  a p p r o x im a te ly  0 .7 5  pounds 
in  th e  p r e s s u r e  t e s t .  The la r g e  i n i t i a l  drop in  th e  
p r e s s u r e  t e s t  n o te d  i n  th e  f i r s t  two p ic k in g s  o f  Grimes 
i n  1934 i s  a h s e n t ,p r e s u m a b ly  b e c a u se  th e  f r u i t  was more 
m a tu r e . The f o u r t h  p ic k in g  o f  Grimes in  1935 was a random  
sam ple o f  f r u i t  from  s e v e r a l  t r e e s  a f t e r  f i r s t  com m ercia l 
h a r v e s t ,  and r e p r e s e n t s  f r u i t  l e f t  on th e  t r e e  b e c a u se  i t  
was c o n s id e r e d  more im m ature. A la r g e  in c r e a s e  in  th e  
p r e s s u r e  t e s t  i s  show n, ( f i g .  9 ) .  The f i f t h  and l a s t  
sam ple was s im i la r  t o  th e  f o u r t h ,  b u t showed a v e r y  la r g e  
d e c r e a s e  in  th e  p r e s s u r e  t e s t ,  f a l l i n g  c l o s e l y  in  l i n e  
w ith  an e x t r a p o la t io n  o f  th e  l i n e  o f  d e c r e a s e  f o r  th e  f i r s t  
th r e e  w e e k s . T h is  la r g e  d e c r e a s e  u n d o u b ted ly  in v o lv e s  many 
f a c t o r s  among w h ich  w a te r  r e l a t i o n s ,  d e c r e a se d  number o f  
f r u i t  on th e  t r e e ,  and a norm al sp e e d in g  up o f  th e  m a tu r a tio n  
p r o c e s s e s ,d u e  t o  th e  l a t e n e s s  o f  th e  s e a s o n , a re  p ro b a b ly  
p r o m in e n t.
In  1935 r e s u l t s  w ith  th e  Jonath an  v a r i e t y  compare
c l o s e l y  w ith  th o s e  d e s c r ib e d  f o r  Grim es in  1 9 3 5 , and th e
g e n e r a l tr e n d  in  th e  p r e s s u r e  t e s t  was q u ite  s im i la r  to
t h a t  o f  th e  1934 Jon ath an  p ic k in g s  when d i f f e r e n c e s  in
m a tu r ity  a t  a g iv e n  d a te  a re  c o n s id e r e d . A f te r  th e  fo u r th  
th e
p ic k in g ,  w h en /b u lk  o f  th e  f r u i t  had been  rem oved, a random 
sam ple from  s e v e r a l  t r e e s  a t  th e  f i f t h  w eek ly  in t e r v a l  showed  
an in c r e a s e d  p r e s s u r e  t e s t ,  a s  was th e  c a se  w ith  th e  G rim es, 
( f i g .  10 ) .
As may b e  s e e n  by com paring f i g s .  7 ,  8 ,  and 9 ,  
l ik e w i s e  8 and 1 0 , th e  p r e s s u r e  t e s t  was v e r y  s im i la r  
f o r  a g iv e n  v a r i e t y  on th e  same d a te s  in  th e  two y e a rs*  
H ow ever, a s  s t a t e d  a b o v e , and a s  w i l l  be shown a g a in  
l a t e r ,  th e  f r u i t  was a p p a r e n t ly  in  a more advanced  s t a t e  
o f  m a tu r ity  on any g iv e n  d a te  d u r in g  th e  i n v e s t i g a t i o n  
in  1935 th a n  in  1934* T h is  d i f f e r e n c e  was e s t im a te d  t o  
be a b o u t one or two w e e k s , and i f  com p arison s a r e  made 
on t h i s  b a s i s ,  i t  i s  se e n  t h a t  th e  p r e s s u r e  t e s t  a v era g ­
ed  ab ou t 1 t o  1*5 pounds h ig h e r  f o r  a g iv e n  s ta g e  o f  
m a tu r ity  in  1935 th a n  in  1934 f o r  b o th  th e  Grimes and 
Jon ath an  v a r i e t i e s *
In  an e f f o r t  t o  d e term in e  th e  e f f e c t  o f  d a te  o f  
h a r v e s t  on th e  p r e s s u r e  t e s t  f o r  a p p le s  o f  a g iv e n  s i z e  
th e  medium s i z e  group (2 *25  to  2 .5  in c h e s )  i s  p lo t t e d  
s e p a r a t e ly  f o r  G rim es ( f i g *  1 1 ) ,  and Jonathan  ( f i g *  1 2 )*  
D if f e r e n c e s  i n  s e a s o n a l  tr e n d  w ith  th e  same v a r ie t y  p ic k ­
ed  in  1934 and 1935 are  e v id e n t  in  th e s e  f i g u r e s ,  and a 
com p arison  may be made betw een  th e  v a r i e t i e s  by com paring  
th e  two f ig u r e s *  In  g e n e r a l  th e  tr e n d  i s ,  in  ea ch  c a s e ,  
s im i la r  to  t h a t  f o r  th e  w e ig h te d  a v e r a g e s .
E l e c t r i c a l  M a tu r ity  T e s t e r * Moore (6 2 )  d e v e lo p ed  
an in s tr u m e n t t o  make q u ick  and e a s y  d e te r m in a t io n s  o f  th e  
co m p a ra tiv e  c o n d u c t iv i t y  o f  th e  f l e s h  o f  f r u i t s ,  w h ich  he  
c a l l e d  th e  " e l e c t r i c a l  m a tu r ity  t e s t e r ."  In  t e s t s  on  
v a r io u s  p e a r  v a r i e t i e s  he showed t h a t  th e  In stru m en t  
r e g i s t e r e d  d i f f e r e n c e s  a s  f r u i t s  m atu red , and even th ou gh  
th e  r a te  o f  change o v er  d a i l y  i n t e r v a l s  was s lo w in g  down,
F ig u r e  11* The p r e s s u r e  t e s t  o f  Grim es 
f r u i t  o f  a g iv e n  s i z e ,  2 - 1 /2  
t o  2 - 1 / 4  in c h e s ,  th ro u g h o u t  
th e  h a r v e s t  p e r io d  in  1934 and  
1935*
F ig u r e  1 2 .  The p r e s s u r e  t e s t  o f  Jon ath an
f r u i t  o f  a g iv e n  s i z e ,  2 - 1 /4  to  
2 - 1 / 2  in c h e s ,  th ro u g h o u t th e  
h a r v e s t  p e r io d  in  1934 and 1935*
F ig u r e  11*
F ig u r e  1 2 .
th e  a c t u a l  d i f f e r e n c e s  fou n d  were g r e a t e r  th an  w ith  th e  
p r e s s u r e  t e s t .  I t  was th o u g h t a d v is a b le  to  t e s t  t h i s  
in s tr u m e n t  w ith  a p p le s  u n d er M aryland c o n d i t io n s .  The 
in s tr u m e n t i s  d e s ig n e d  a s  a s m a l l ,  p o r ta b le  Ohmmeter, and  
r e a d in g s  a r e  ta k e n  d i r e c t l y  i n  m ill ia m p e r e s  a f t e r  s e t t i n g  
an a r b i t r a r y  and known p o t e n t i a l  b etw een  th e  e l e c t r o d e s .
A s ta n d a r d  s e t t i n g ,  u s in g  a p o t e n t i a l  o f  th r e e  v o l t s  
b etw een  th e  e l e c t r o d e s ,  was u sed  th r o u g h o u t . The r e a d in g s  
a r e  r e p o r te d  i n  t h i s  p ap er a s  th e  d i r e c t  m ill ia m p e r e s  
r e a d in g s  x  100 r a th e r  th a n  a s  a b s o lu t e  u n i t s  o f  r e s i s t a n c e  
or  c o n d u c t iv i t y  b e c a u se  o f  e a se  o f  co m p u ta tio n  and th e  
la c k  o f  a d v a n ta g e  in  ch a n g in g  them  in t o  th e  a b s o lu t e  u n it s *
The same f r u i t  sam p les u sed  f o r  th e  p r e s su r e  t e s t  
w ere u s e d  in  t a k in g  th e  r e a d in g s  w ith  th e  e l e c t r i c a l  m a tu r ity  
t e s t e r ,  and th e  same number o f  r e a d in g s  were ta k e n  in  
s im i la r  p a r t s  o f  th e  f r u i t ,  e x c e p t  t h a t  th e  s k in  was n o t  
rem oved . The r e s u l t s  o b ta in e d  a r e  shown in  t a b le s  X I I I ,
XIV, XV, and XVI f o r  th e  Grimes and Jonathan  v a r i e t i e s  in  
1 9 3 4  and 1 9 3 5 . T hese t a b l e s  show t h a t  th e r e  i s  no c o r r e ­
l a t i o n  b e tw een  f r u i t  s i z e  and th e  r e a d in g s  o b ta in e d , and  
t h a t  t h e r e  i s  c o n s id e r a b le  v a r ia t io n  betw een  th e  s i z e  
g r o u p s .
The w e ig h te d  a v e r a g e s  te n d  to  ir o n  o u t th e  
d i f f e r e n c e s  b e tw een  th e  s i z e  groups and show what c o u ld  
be e x p e c te d  from  a random sam ple from  th e  t r e e .  In  1934  
th e  G rim es f r u i t  showed a d e f i n i t e  tr e n d  tow ard a lo w er  
e l e c t r i c a l  m a tu r ity  t e s t e r  r e a d in g  w ith  in c r e a s e d  m a tu r ity .
T h ese  r e a d in g s  w ere t a k e n  f o r  o n ly  th e  l a s t  f i v e  h a r v e s t  
d a t e s ,  a s  th e  in s tr u m e n t was n o t  a v a i la b le  a t  th e  tim e  o f  
th e  f i r s t  h a r v e s t ,  and w ere tak en  a t  s to r a g e  tem p era tu re  
(3 2  d e g r e e s  F )#  W hile th e  tr e n d  i s  a p p aren t th e  r e s u l t s  
a r e  more v a r ia b le  th a n  th e  p r e s s u r e  t e s t  d a ta , and th e r e  
i s  no s i g n i f i c a n c e  to  th e  r e s u l t s  on th e  w e ek ly  b a s is #
The Jon ath an  v a r i e t y ,  on th e  o th e r  han d , w h ile  
sh ow in g  a s im i la r  la c k  o f  c o r r e l a t io n  b etw een  s i z e  groups  
and e l e c t r i c a l  m a tu r ity  t e s t e r  r e a d in g s ,  show no e v id e n c e  
o f  d e c r e a s in g  in  r e a d in g s  th r o u ^ io u t  th e  p e r io d  under  
in v e s t i g a t io n #
In  1935 th e  r e s u l t s  w ith  b o th  Grimes and Jonathan  
w ere s i m i la r  t o  th o s e  fou n d  w i t h  t h e s e  v a r i e t i e s  in  1 9 3 4 , 
e x c e p t  t h a t  th e  r e a d in g s  w ere c o n s id e r a b ly  h ig h e r  b eca u se  
th e y  w ere ta k e n  a t  room tem p er a tu r es#  W ith b o th  v a r i e t i e s  
th e  v a r i a b i l i t y  was much g r e a te r  In  1935 th a n  in  1 9 3 4 , 
p r o b a b ly  due l a r g e l y  to  tem p era tu re  d i f f e r e n c e s  a t  th e  tim e  
o f  t e s t in g #  I t  i s  i n t e r e s t i n g  to  n o te  th a t  w h ile  v a r ia ­
b i l i t y  o f  t h i s  r e a d in g  I s  much g r e a te r  th an  th e  p r e ssu r e  
t e s t ,  and w h ile  I t  i s  a p p a r e n t ly  a f f e c t e d  m ark ed ly  by  v e r y  
l o c a l i z e d  c o n d i t io n s ,  th e  r e s u l t s  o f  1935 d id  n o t r e f l e c t  
th e  d i f f e r e n t  n a tu r e  o f  th e  l a s t  two Grimes p ic k in g s  and 
th e  l a s t  Jon ath an  h a r v e s t#
C o lo r * Changes in  th e  ground c o lo r  o f  Grimes and 
th e  r e d  c o lo r  o f  Jon ath an  were made in  b o th  1934 and 1935#  
The r e s u l t s  f o r  th e  ground c o lo r  s t u d ie s  on th e  Grimes are  
g iv e n  in  t a b l e s  XVII and XVIII# In  1934 th e  f r u i t  was
ta k e n  from  F r e d e r ic k ,  M aryland and shows a s l i g h t  change
from  g r e e n  t o  y e l lo w  th r o u g h o u t th e  p e r io d  under s tu d y ,  
h u t th e  d i f f e r e n c e s  a re  in  no c a s e  s i g n i f i c a n t *  The 1935  
r e s u l t s  ( f i g *  1 5 ) , r e p r e s e n t in g  o n ly  th e  l a s t  fo u r  p ic k in g s ,  
a r e  ta k en  from  f r u i t  p ic k e d  a t  C o l e s v i l l e ,  M aryland , and show  
a s l i g h t l y  d i f f e r e n t  c o n d it io n *  In t h i s  c a s e  th e r e  seem s t o  
he a s l i g h t l y  a c c e le r a t e d  change t o  th e  y e l lo w  c o lo r  d u r in g  
th e  l a s t  two h a r v e s t s ,  h u t  i t  m ust be remembered t h a t  th e s e  
p ic k in g s  a r e  n o t  com parable to  th e  o th e r  w e e k ly  p ic k in g s *
In  any C a se , t h e  ch a n g es  a re  n o t s i g n i f i c a n t *  E xcep t f o r  
t h e s e  l a s t  two p ic k in g  d a te s  in  1935 th e  r e s u l t s  f o r  th e  
two y e a r s  ch eck  c lo s e ly *  H ow ever, a s  h a s  b een  shown by  
o t h e r  w o r k e r s , many f a c t o r s  a f f e c t  t h e  d evelop m en t o f  th e  
y e l lo w  c o lo r *  B oth  o r c h a r d s  and t r e e s  were s e l e c t e d  f o r  
u n ifo r m ly  v ig o r o u s ,  m o d e r a te ly  h ea v y  b e a r in g  t r e e s ,  and 
f u r t h e r  s e l e c t i o n s  w ere made f o r  th e  t r e e s  o f  th e  e x p e r i­
m en t, so  t h a t  th e  con cord an ce  o f  r e s u l t s  may m er e ly  be an  
e s t im a t e  o f  t h i s  h ig h  d e g r e e  o f  s e l e c t io n *  T ab le  I I I  
i n d i c a t e s  t h a t  t h i s  may be t r u e ,  f o r  i t  can be s e e n  th e r e  
t h a t  o r ch a r d s  may d i f f e r  m ark ed ly  in  th e  ground c o lo r  a t  
th e  tim e  o f  com m ercia l h a r v e s t*  In  t h i s  c a s e ,  th e  O lney  
o r c h a r d , w h ich  was v e r y  low  In  v ig o r  and la c k in g  in  
n i t r o g e n ,  a lw a y s gave v e ry  h ig h  ground c o lo r  v a lu e s*  The 
more v ig o r o u s  C o l e s v i l l e  o rch a rd  te n d e d  to  g iv e  a low er  
ground c o lo r  v a lu e s ,  and t o  rem ain  g reen  lo n g e r*  In  many 
v ig o r o u s  o r ch a rd s  th e  f r u i t  w ould  drop lo n g  b e fo r e  th e  
f r u i t  r ea ch ed  th e  2*5  to  3 ground c o lo r  v a lu e  recommended 
a s  b e in g  d e s i r a b le  b e fo r e  Grimes are  h a r v e ste d *
57.
TABLE I I I  — Comparison of P re s s u re  T es t ,  E l e c t r i c a l  M a tu r i ty  Readings, and
Color of Grimes F r u i t  from Vigorous Trees ( C o le s v i l le )  
and from Low Vigor Trees (O lney ) ,  1955.
Harvest
Date.
F r u i t
S ize
Group.
P re ssu re  Test 
(Pounds)
E l e c t r i c a l  M a tu r ity  
T es te r  Readings, 
M illiom ps, x 100.
G-round Cover 
Value.













Large 19.64 20.52 27.06 28.62 2.40 2 .04
August 31, Medium 20.95 22,52 26.97 28.85 2.70 2.05
Small 23.61 26.72 27.68 27.50 2 .77 2 .02
Large 19.14 20.26 29 ,84 29.34 2.25 1.79
September 7. Medium 20.40 22.81 30.26 29,16 2.52 1 .87
Small 24.41 30*. 29.58 31.78 2.50 1.95










The r e s u l t s  o f  th e  s tu d y  o f  th e  d ev e lo p m en t o f  
th e  red  c o lo r  in  th e  Jon ath an  a p p le s  a r e  shown g r a p h i­
c a l l y  in  f i g s *  13 and 1 4 ,  and t a b l e s  XIX and XX* I t  
w i l l  be s e e n  t h a t  th e  d eve lop m en t o f  red  c o lo r  f o l lo w e d  
a c o n s id e r a b ly  d i f f e r e n t  c o u r se  in  th e  two y e a r s*  In  
1934 t h e  f i r s t  th r e e  to  fo u r  w eek s w ere marked by r a th e r  
warm* d ry  w e a th e r , w ith  c o m p a r a tiv e ly  few  n ig h t s  w ith  
low  tem p er a tu r es*  B etw een th e  t h ir d  and f o u r th  w eek s th e r e  
was an abundant r a i n f a l l ,  and th e  minimum te m p e r a tu r e s  
w ere c o n s id e r a b ly  low er*  T h is  h a s te n e d  th e  d evelop m en t  
o f  th e  r e d  c o l o r ,  a s  was r e a d i ly  a p p a ren t i n  th e  o rch a rd  
a t  th e  tim e*  W hile  a t  th e  t im e  o f  th e  fo u r t h  p ic k in g  th e  
a p p le s  had o n ly  an a v e ra g e  o f  t e n  p e r  c e n t  red  c o lo r e d  
s u r fa c e  by  th e  t im e  o f  th e  f i f t h  p ic k in g  a week l a t e r ,  
th e  p e r  c e n t  had r i s e n  t o  n e a r ly  f o r t y  p e r  c e n t  and t h i s  
in c r e a s e d  a n o th e r  s i x  or se v e n  p e r  c e n t  d u r in g  th e  f o l lo w ­
in g  week*
In  1935 th e r e  w ere h ea v y  r a i n f a l l s  j u s t  p r io r  t o  
th e  seco n d  p ic k in g  o f  J o n a th a n , and a s e r i e s  o f  n ig h t s  
th ro u g h o u t th e  h a r v e s t  p e r io d  w ith  low  minimum tem pera­
t u r e s ,  a s  shown i n  f i g *  6* T h is  e v id e n t ly  a c c o u n ts  f o r  
th e  r a th e r  r e g u la r  d evelop m en t o f  red  c o lo r  in  t h i s  year*
W hile i t  i s  a common o b s e r v a t io n ,  and h a s  been  
shown many t im e s ,  t h a t  th e  d evelop m en t o f  red  c o lo r  in  th e  
c o lo r e d  a p p le  v a r i e t i e s  may be r e a d i l y  in f lu e n c e d  by c u l t u r a l  
and e n v iro n m en ta l f a c t o r s ,  t h e  f a c t  s ta n d s  t h a t  in  t h i s  
o r c h a r d , and un d er d i f f e r e n t  c l im a t ic  c o n d it io n s  in  th e  
two y e a r s ,  th e  d evelop m en t o f  r e d  c o lo r  was th e  o n ly  f a c t o r
F ig u r e  IS* P er c e n t  red  c o lo r  by  s i z e  grou p s  
and w e ig h te d  a v e r a g e  a t  th e  w e e k ly  
h a r v e s t  i n t e r v a l s  f o r  th e  Jonathan  
v a r i e t y ,  1934*
F ig u r e  14* P er c e n t  red  c o lo r  b y  s i z e  groups  
and w e ig h te d  a v e ra g e  a t  th e  w e ek ly  
h a r v e s t  i n t e r v a l s  f o r  th e  Jonath an  
v a r i e t y ,  1935*
F ig u r e  15* Change i n  w e ig h te d  a v era g e  ground
c o lo r  o f  Grimes f r u i t  a t  th e  w e ek ly  
h a r v e s t  i n t e r v a l s  and th ro u g h o u t  
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F ig u r e  15
c l o s e l y  a s s o c i a t e d  w ith  f r u i t  q u a l i t y  a f t e r  s to r a g e *  In  
1934  th e  f i r s t  f o u r  Jon ath an  h a r v e s t s ,  w ith  under t e n  p e r  
c e n t  r e d  c o l o r ,  n e v e r  d e v e lo p e d  c h a r a c t e r i s t i c  f l a v o r  in  
s t o r a g e ,  and w ere d e c id e d ly  f l a t  and i n f e r i o r  in  q u a l i t y  
a t  th e  end  o f  th e  s to r a g e  t e s t s ,  w h ereas th e  l a s t  two  
p ick in g^  d e v e lo p e d  e x c e l l e n t  f l a v o r  and q u a l i t y ,  e n t i r e l y  
c h a r a c t e r i s t i c  o f  good q u a l i t y  Jon ath an  a p p le s*  T h is  
d i f f e r e n c e  was v e r y  marked* In  1935 th e  f i r s t  two p ic k in g s  
f a i l e d  t o  d e v e lo p  good  q u a l i t y  in  s t o r a g e ,  th e  t h ir d  p ic k ­
in g  was good , and th e  l a s t  two v e r y  good* In  b o th  y e a r s  
th e  f r u i t  w hich  d e v e lo p e d  good q u a l i t y  had p a s se d  th e  
p o in t  w here a random sam ple had o b ta in e d  more th a n  tw e n ty -  
f i v e  p e r  c e n t  red  c o lo r *  I t  i s  f e l t  th a t  f u r t h e r  s tu d y  
sh o u ld  b e  g iv e n  t o  t h i s  p o i n t ,  w ith  th e  random s e l e c t i o n  
o f  f r u i t  em p hasized*
F ig u r e s  16 t o  19 sum m arize th e  d a ta  f o r  th e  
w e ig h te d  a v e r a g e s  o f  th e  p r e s s u r e  t e s t ,  th e  e l e c t r i c a l  
m a tu r ity  t e s t ,  and th e  d evelop m en t o f ground c o lo r  in  
G rim es and th e  r e d  c o lo r  in  Jonathan  in  1934 and 1935  
d u r in g  th e  h a r v e s t  p e r io d *  B ecau se  o f  th e  g r e a t  v a r ia ­
b i l i t y  o f  th e  e l e c t r i c a l  m a tu r ity  t e s t  in  1935  t h i s  l i n e  
i s  d o t t e d  i n  t o  i n d ic a t e  an ap p rox im ate  tr e n d  on ly*
A t y p i c a l  grow th  c u r v e , b a sed  on th e  a v era g e  
w e ig h t  per a p p le  o f  Grim es in  1 9 3 4 , I s  shown In  f i g *  20*
The s t r a i g h t  l i n e  cu rve  i n d ic a t e s  t h a t  grow th o f  th e  f r u i t  
was n o r m a l. The o n ly  s i g n i f i c a n t  d i f f e r e n c e  n o te d  was 
t h a t  th e  Jo n a th a n  v a r i e t y  was la r g e r  in  b o th  y e a r s  than  
th e  Grim es* The a c t u a l  grow th r a t e  f o r  b o th  Jonathan  and
F ig u r e  16* The w e ig h te d  a v era g e  p r e s s u r e  
t e s t ,  e l e c t r i c a l  m a tu r ity  
t e s t e r  r e a d in g s ,  and ground  
c o lo r  e s t im a t e s  fo r  th e  G rim es 
v a r i e t y  a t  th e  w e e k ly  h a r v e s t  
i n t e r v a l s ,  1934*
F ig u r e  17* The w e ig h te d  a v era g e  p r e s s u r e  
t e s t ,  e l e c t r i c a l  m a tu r ity  
t e s t e r  r e a d in g s ,  and p e r  c e n t  
red  c o lo r  f o r  th e  Jonath an  
v a r i e t y  a t  th e  w e ek ly  h a r v e s t  
i n t e r v a l s ,  1934*
F ig u r e  18* The w e ig h te d  a v e ra g e  p r e s s u r e  
t e s t ,  e l e c t r i c a l  m a tu r ity  
t e s t e r  r e a d in g s , and ground  
c o l o r ,  e s t im a t e s  f o r  th e  Grimes 
v a r i e t y  a t  th e  w eek ly  h a r v e s t  
i n t e r v a l s ,  1935*
F ig u re  19* The w e ig h te d  a v e ra g e  p r e s s u r e
t e s t ,  e l e c t r i c a l  m a tu r ity  t e s t e r  
r e a d in g s ,  and p e r  c e n t  r ed  c o lo r  
f o r  th e  Jon ath an  v a r ie t y  a t  th e  
w e e k ly  h a r v e s t  i n t e r v a l s ,  1935*
51 .
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G rim es was somewhat d i f f e r e n t  in  th e  two y e a r s ,  b u t  t h i s  
may be due to  t h e  s e l e c t i o n  o f  t r e e s ,  and sh o u ld  n o t  be 
a t t r i b u t e d  t o  d i f f e r e n c e s  in  r e sp o n se  t o  c l im a t ic  and  
c u l t u r a l  c o n d i t io n s  in  th e  two y e a r s#  I t  m ust be r e c a l l e d  
t h a t  t h e s e  d a ta  a r e  b a sed  on d i f f e r e n t  s e t s  o f  t r e e s  a t  
e a ch  w e ek ly  i n t e r v a l ,  and t h a t  s l i g h t  i r r e g u l a r i t i e s  may 
be due to  v a r ia t i o n  i n  th e  t r e e s  from  w h ich  th e  sam p les  
w ere drawn#
S to r a g e  R e s u l t s # The e f f e c t  o f  s to r a g e  a t  32  
d e g r e e s  F# on th e  v a r io u s  l o t s  o f  f r u i t  was fo l lo w e d  
th ro u g h  th e  s to r a g e  p e r io d #  Sam ples f o r  p r e s su r e  t e s t ,  
e tc #  w ere ta k e n  d u r in g  th e  l a s t  week in  November and  
Decem ber f o r  th e  Grim es in  1934  and b o th  G rim es and Jona­
th a n  in  1935# In  1934 Jonath an  sam p les w ere ta k e n  th e  l a s t  
week i n  Novem ber, and th e  l a s t  w eek o f  January o f  1935#
The e f f e c t  o f  s to r a g e  o f  Grimes a p p le s  in  1934  
on th e  p r e s s u r e  t e s t  i s  shown in  f i g #  21 and t a b le  IX , 
w h ic h  g iv e  th e  i n i t i a l  w e ig h te d  a v e ra g e  p r e s s u r e  t e s t  a t  
e a c h  h a r v e s t  d a t e ,  and th e  v a lu e  o b ta in e d  a t  th e  tim e  th e  
s to r a g e  sam p les w ere ta k en #  The p r e s su r e  t e s t  d e c r e a s e s  
in  s t o r a g e ,  and th e  f i n a l  v a lu e  a t  th e  end o f  th e  s to r a g e  
p e r io d  depended p r im a r i ly  on th e  v a lu e  a t  th e  tim e  o f  
h a r v e s t ,  a lth o u g h  th e  e a r l i e r  p ic k in g s  had a s l i g h t l y  
g r e a te r  r a t e  o f  d e c r e a s e ,  a s  i s  shown by th e  f a c t  th e  
ran ge  b e tw een  th e  f i r s t  and l a s t  h a r v e s t  a t  th e  tim e  o f
j
p ic k in g  was n e a r ly  se v e n  p ou n d s, w h ereas i t  i s  o n ly  th r e e  
pounds a t  th e  end o f  th e  s to r a g e  p e r io d #  The more r a p id  
r a t e  o f  d e c r e a s e  i n  p r e s s u r e  t e s t  a p p a r e n t ly  o c c u r s  f a i r l y
e a r ly  In  th e  s to r a g e  l i f e  o f  th e  f r u i t ,  a s  I s  shown hy
V
th e  f a c t  t h a t  th e  sp re a d  b etw een  th e  h ig h e s t  and lo w e s t  
s to r a g e  sam p les a t  th e  tim e  o f  th e  f i r s t  sa m p lin g  was no 
l a r g e r  th an  a t  th e  seco n d  s to r a g e  sa m p lin g , i n d ic a t in g  a 
s im i la r  r a t e  o f  d e c r e a s e  in  p r e s s u r e  t e s t  f o r  a l l  l o t s  
o f  f r u i t  i n  th e  secon d  p e r io d .  In  t h i s  c a s e  th e  a v e ra g e  
r a te  o f  d e c r e a s e  was a l i t t l e  g r e a te r  d u r in g  th e  p e r io d  
from  h a r v e s t  t o  th e  f i r s t  s to r a g e  sa m p lin g  th a n  th e  
p e r io d  b e tw een  th e  f i r s t  and seco n d  s to r a g e  sa m p lin g .
F ig u r e s2 2 2 „ a n d .,2 3 , and t a b l e  XI show d a ta  f o r  th e  
Jonathan  v a r i e t y  in  1934* The r e s u l t s  are  v e r y  s i m i la r ,  
e x c e p t  f o r  two p o i n t s .  F i r s t ,  th e  a v e r a g e  d e c r e a s e  in  
p r e s s u r e  t e s t  was s l i g h t l y  g r e a t e r  d u r in g  th e  seco n d  h a l f  
o f  th e  s to r a g e  p e r io d ,  and se c o n d , th e  e a r l i e r  p ic k in g s  
showed th e  g r e a t e s t  r a te  o f  d e c r e a s e ,  and th e  l a t e r  
p ic k in g s  th e  l e a s t  ( f i g ,  2 3 ) ,  a lth o u g h  th e  l a s t  p ic k in g  
showed a s l i g h t l y  g r e a t e r  r a t e  o f  d e c r e a s e  th an  th e  f i f t h  
p ic k in g ,  c o r r e sp o n d in g  v e r y  c l o s e l y  w ith  th e  fo u r t h  p ic k ­
i n g ,  F ig u r e  23  shows th e  accu m u la ted  d e c r e a s e  i n  p r e s s u r e  
t e s t  a f t e r  a g iv e n  number o f  days in  s t o r a g e ,  and i n d ic a t e s  
th e  co m p a ra tiv e  r a te  o f  d e c r e a s e .  The e a r ly  and l a t e  
p ic k in g s  showed th e  h ig h e s t  r a te  o f  d e c r e a s e ,  and th e  
m id d le  p ic k in g s  th e  l o w e s t .
The r e s u l t s  d u r in g  s to r a g e  in  1935 a re  g iv e n  f o r  
Grim es in  t a b le  X, I f  th e  l a s t  two p ic k in g s  a re  n o t  con­
s id e r e d ,  and rem em bering t h a t  th e  f i r s t  th r e e  p ic k in g s  
w ould  c o rr esp o n d  m ost c l o s e l y  w ith  the se c o n d , t h i r d ,  and  
f o u r t h  h a r v e s t s  in  1934 on th e  b a s i s  o f  co m p a ra tiv e
f i g u r e  20* The grow th  cu rve b y  s i z e  groups  
and w e ig h te d  a v era g e  f o r  th e  
Jonath an  v a r i e t y ,  b a sed  on 
a v era g e  w e ig h t  p e r  f r u i t ,  f o r  
th e  h a r v e s t  p e r io d ,  1934*
F ig u r e  2 1 .  The w e ig h te d  a v e ra g e  p r e s su r e  
t e s t  o f  Grim es f r u i t  a t  th e  
w e ek ly  h a r v e s t  i n t e r v a l s ,  and 
th ro u g h o u t th e  s to r a g e  p e r io d ,  
1934*
F ig u r e  2 2 .  The w e ig h te d  a v e ra g e  p r e ssu r e  
t e s t  o f  Jon ath an  f r u i t  a t  th e  
w e ek ly  h a r v e s t  i n t e r v a l s ,  and  
th rou gh ou t th e  s to r a g e  p e r io d .
F ig u r e  2 3 .  The l o s s  in  p r e s s u r e  t e s t  o f
Jonath an  f r u i t  d u r in g  th e  s to r a g e  
p e r io d  in  1 9 3 4 , b a sed  on th e  
w e ig h te d  a v era g e  p r e s su r e  t e s t  
a t  th e  tim e  o f  h a r v e s t  and a t  
th e  t im e  s to r a g e  sam p les were 
ta k e n .
6 4 .
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F ig u re  2 3 .
m a tu r ity  a t  th e  t im e  o f  h a r v e s t ,  th e  r e s u l t s  a g r e e  
s u r p r i s i n g ly  w e l l*  F or th e  f i r s t  th r e e  p ic k in g s  th e  
p r e s s u r e  t e s t  d rop s t o  th e  same l e v e l  a t  th e  end o f  th e  
s t o r a g e  p e r io d  a s  in  1 9 3 4 , and th e  m ain d i f f e r e n c e  l i e s  
in  th e  f a c t  t h a t  th e  r a t e  o f  d e c r e a s e  d u r in g  th e  seco n d  
h a l f  o f  th e  s t o r a g e  p e r io d  was v e r y  much l e s s  th an  in  
1934#
The f o u r t h  and f i f t h  p ic k in g s  behaved  somewhat 
d i f f e r e n t l y  th an  co m p a ra tiv e  p ic k in g s  in  1 9 3 4 , b u t  i t  
sh o u ld  b e  remembered t h a t  th e  f r u i t  in  t h i s  c a se  was n o t  
r e p r e s e n t a t iv e  o f  th e  o th e r  p ic k in g s *  The f o u r t h  p ic k in g ,  
w h ich  gave a h ig h  p r e s s u r e  t e s t  a t  h a r v e s t  showed a h ig h  
r a te  o f  d e c r e a s e ,  so  t h a t  a t  th e  tim e  th e  s to r a g e  sam p les  
w ere ta k e n , i t  c o rresp o n d ed  c l o s e l y  in  a c tu a l  p r e s s u r e  
t e s t  w ith  th e  f i r s t  th r e e  p ic k in g s *  I t  w a s , h o w ev er , 
s t i l l  d e c r e a s in g  a t  a g r e a te r  r a te  th a n  any o f  th e s e  
p ic k in g s *  The f i f t h  p ic k in g  was low  a t  h a r v e s t ,  and  
w h ile  i t  showed th e  lo w e s t  r a te  o f  d e c r e a s e  th rou gh ou t  
th e  s to r a g e  p e r io d ,  th e  r a t e  o f  d e c r e a s e  was u n d im in ish e d , 
w it h  th e  r e s u l t  t h a t  th e  p r e s s u r e  t e s t  o f  t h i s  group was 
lo w  a t  th e  tim e o f  th e  f i r s t  s to r a g e  sa m p le , and v e r y  much 
lo w e r  th a n  th e  o t h e r s  a t  th e  end o f  th e  s to r a g e  p e r io d *
The e f f e c t  o f  s to r a g e  in  1935 on th e  p r e ssu r e  t e s t  
o f  Jon ath an  f r u i t  i s  shown in  t a b le  X II* I f  we compare 
th e  f i r s t  fo u r  p ic k in g s  o f  1935 w ith  th e  m id d le  fo u r  o f  
1 9 3 4 , w ith  w h ich  th e y  compare m ost c l o s e l y  on th e  b a s i s  
o f T p h y s io lo g ic a l  m a tu r ity ,  i t  w i l l  be s e e n  t h a t  th e y  
c o r r e sp o n d  v e r y  c lo s e l y *  The f i f t h  p ic k in g  o f  Jonathan
i n  1935  ca n n o t be c o n s id e r e d  a s  r e p r e s e n t a t iv e ,  b u t i t  
f a l l s  i n  v e r y  c l o s e l y  w ith  th e  l a s t  p ic k in g  o f  1 9 3 4 , w ith  
w h ich  i t  c o r r e s p o n d s , and d o e s  n o t show th e  w id e d iv e r g e n c e  
from  th e  norm al a s  was th e  c a se  w ith  th e  "off*1 p ic k in g s  o f  
Grimes* W hile th e  p r e s s u r e  t e s t  a t  th e  end o f  th e  s to r a g e  
p e r io d  i s  abou t one pound h ig h e r  i n  1935 th a n  i n  1934 i t  
m ust be remembered t h a t  th e  Jonath an  f r u i t  was l e f t  in  
s to r a g e  n e a r ly  a m onth lo n g e r  in  1934* For th e  same 
number o f  d a y s  in  s to r a g e  th e  r e s u l t s  o f  t h e  1935  t e s t s  
compare v e r y  c l o s e l y  w ith  th o s e  o f  1934#
Data ta k e n  w ith  th e  e l e c t r i c a l  m a tu r ity  t e s t e r  w ith  
Grim es in  1934 a r e  shown in  f i g *  24  and t a b le  X III*  In  
t h i s  c a s e ,  th e r e  i s  o n ly  s l i g h t  v a r ia t io n  d u r in g  th e  
s to r a g e  p e r io d ,  and a lth o u g h  th e  e a r l i e r  p ic k in g s  show  
a d e c r e a s e d  r e a d in g  o v e r  t h a t  o b ta in e d  a t  th e  tim e  o f  
h a r v e s t ,  th e  l a t e r  p ic k in g s  show v e r y  l i t t l e  change or  
ev en  an a c t u a l  in c r e a s e *  T here was q u it e  a marked drop  
b etw een  th e  f i r s t  and se co n d  s to r a g e  sa m p le s , th e  s i g n i ­
f i c a n c e  o f  w h ich  i s  n o t  known*
The 1934 e l e c t r i c a l  m a tu r ity  t e s t e r  d a ta  f o r  th e  
Jon ath an  v a r i e t y  d u r in g  th e  s to r a g e  p e r io d  i s  shown in  
t a b l e  XV* In  g e n e r a l  th e r e  i s  v e r y  s l i g h t  d e c r e a se  th rou gh ­
o u t th e  s to r a g e  p e r io d ,  w it h  a s l i g h t l y  g r e a t e r  r a t e  o f  
d e c r e a s e  i n  th e  l a s t  h a l f  o f  th e  s to r a g e  p e r io d *  The l a s t  
p ic k in g  show s an e x a g g e r a te d  r a te  o f  d e c r e a s e  d u r in g  th e  
f i r s t  h a l f  o f  th e  s to r a g e  p e r io d ,  b u t no r e a so n  i s  known 
f o r  t h i s *
The d a ta  f o r  G rim es in  1935 a r e  shown In  t a b le
XIV* The v e r y  g r e a t  d e c r e a s e  d u r in g  th e  f i r s t  h a l f  o f  
th e  s to r a g e  p e r io d  i s  c a u se d  by th e  lo w e r in g  o f  th e  
tem p er a tu r e  i n  s to r a g e *  The 1954 r e a d in g s  w ere made on 
f r u i t  b rou gh t to  32 d e g r e e s  P* b e fo r e  t e s t i n g ,  w h ile  th e  
1935  r e a d in g s  a t  th e  t im e  o f  h a r v e s t  w ere made a t  room 
tem p era tu re*  In  g e n e r a l  the d i f f e r e n c e  b etw een  th e  0 
d e g r e e s  C* s to r a g e  tem p era tu re  and th e  common 2 0 -2 5  d e g r ee  
C* room tem p era tu re  ca u se d  a d i f f e r e n c e  o f  a b o u t  t e n  u n i t s  
on th e  e l e c t r i c a l  m a tu r ity  t e s t e r ,  i f  th e  r e s u l t s  in  th e  
tw o y e a r s  a re  c o n s id e r e d  t o  be com parable* The d e c r e a s e  
d u r in g  th e  seco n d  h a l f  o f  th e  s to r a g e  p e r io d ,  h o w ev er , i s  
a b o u t t w ic e  a s  g r e a t  a s  t h a t  shown in  1 9 3 4 , and th e  f i n a l  
r e a d in g  o b ta in e d  i s  ab ou t one u n i t  low er*  The h ig h  v a lu e  
o b ta in e d  f o r  th e  secon d  s to r a g e  sam ple o f  th e  f i r s t  p ic k ­
in g  i s  p r o b a b ly  due to  i n c ip i e n t  breakdow n, w h ich  m ark ed ly  
a f f e c t s  th e  e l e c t r i c a l  m a tu r ity  t e s t e r  r e a d in g s*  T here  
seem s t o  b e  no r e l a t i o n  b etw een  th e  tim e o f  h a r v e s t  and 
th e  r a te  o f  d e c r e a se *
S im ila r  d a ta  f o r  th e  1935 Jonath an  a p p le s ,  shown 
in  f i g *  25  and t a b le  XVI compare r a th e r  c l o s e l y  w ith  th e  
1934  d a t a ,  e x c e p t  f o r  th e  i n i t i a l  la r g e  drop d u r in g  th e  
f i r s t  h a l f  o f  th e  s to r a g e  p e r io d  due t o  th e  tem p era tu re  
d i f f e r e n c e *  The r a t e  o f  d e c r e a s e  d u r in g  th e  secon d  h a l f  
o f  th e  s to r a g e  p e r io d  i s  somewhat la r g e r  in  1935 th a n  in  
1 9 3 4 , and th e  f i n a l  r e a d in g s  a r e  ab ou t a u n i t  low er*
W hether or n o t  t h i s  d e c r e a se  w ou ld  c o n t in u e  i f  th e  f r u i t  
w ere l e f t  in  s to r a g e  lo n g  enough t o  compare w ith  th e  1934  
Jo n a th a n  f r u i t  i s  n o t  known* T here seem s to  be no r e l a t io n
F ig u r e  2 4 .  The w e ig h te d  a v e r a g e  e l e c t r i c a l  
m a tu r ity  t e s t e r  r e a d in g s  o f  
G rim es f r u i t  a t  th e  w e ek ly  
h a r v e s t  i n t e r v a l s ,  and th rou gh ­
o u t  th e  s to r a g e  p e r io d ,  1 9 3 4 .
F ig u r e  2 5 .  The w e ig h te d  a v era g e  e l e c t r i c a l  
m a tu r ity  t e s t e r  r e a d in g s  o f  
Jon ath an  f r u i t  a t  th e  w e e k ly  
i n t e r v a l s ,  and th ro u g h o u t th e  
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betw eem  th e  tim e  o f  h a r v e s t  and th e  f i n a l  r e a d in g , o r  th e  
r a t e  o f  d e c r e a se *
In  1934  th e  d eve lop m en t o f  th e  ground c o lo r  o f  
th e  Grimes v a r i e t y  was s t u d ie d  d u r in g  th e  s t o r a g e  p e r io d *
I t  was fo u n d  to  in c r e a s e  s l i g h t l y  d u r in g  th e  s to r a g e  
p e r io d ,  and th e  r a te  o f  in c r e a s e  was g r e a t e r  in  th e  
se co n d  h a l f  o f  th e  s to r a g e  p e r io d  th an  th e  f i r s t ,  a s  i s  
shown in  f i g *  15 and t a h le  XV III* In  g e n e r a l  th e  v a r io u s  
p i c k i n g s  te n d e d  to  m a in ta in  t h e i r  rank a s  a t  th e  tim e  o f  
h a r v e s t ,  a lth o u g h  t h i s  was n o t  t r u e  In  a l l  c a s e s .  We may 
summate th e  v a r io u s  ch a n g es  In  t h e  m easurem ents d is c u s s e d  
above t o  g e t  a g e n e r a l  p ic t u r e  o f  th e  d e v e lo p m e n ta l ch a n g es  
in  th e  a p p le  d u r in g  m a tu r a t io n  a s  m easured  by th e s e  p h y s ic a l  
m eth ods shown g r a p h ic a l ly  f o r  th e  h a r v e s t  p e r io d  in  f i g s *
16 -  19* B oth  Grimes and Jon ath an  show a s te a d y  d e c r e a se  
in  p r e s s u r e  t e s t  d u r in g  th e  m a tu r a tio n  p e r io d ,  but th e  
change i s  to o  s lo w  to  be v e ry  v a lu a b le  a s  a m a tu r ity  in d e x ,  
and th e  v a r i a b i l i t y  from  y e a r  t o  y e a r  makes i t  im p o s s ib le  
t o  s t a t e  a t  what p r e s su r e  th e  f r u i t  may be c o n s id e r e d  
m ature* D u ring  s to r a g e  th e  f r u i t  c o n t in u e s  to  d e c r e a se  
i n  p r e s s u r e  t e s t ,  a lth o u g h  f r u i t  h a r v e s te d  a t  w eek ly  
i n t e r v a l s  te n d  to  m a in ta in  th e  same rank a s  a t  h a r v e s t*
The r a te  o f  d e c r e a s e  i s  g r e a t e s t  w ith  e a r l i e r  h a r v e s te d  
f r u i t ,  h o w ev er , and a t  th e  end o f  th e  s to r a g e  p e r io d  th e  
ra n g e  in  p r e s s u r e  t e s t  i s  n o t  a s  g r e a t  a s  b etw een  th e  
v a r io u s  h a r v e s t  d a te s*
The e l e c t r i c a l  m a tu r ity  t e s t e r  gave r e s u l t s  th a t  
a r e  much to o  v a r ia b le  to  be o f  v a lu e  a s  an in d e x  o f
m a tu r ity *  D u rin g  th e  h a r v e s t  p e r io d , h o w ev er , th e  Grimes 
f r u i t  te n d e d  t o  show a d e c r e a s e d  r e a d in g  w ith  in c r e a s in g  
m a tu r ity ,  w h ereas th e  Jonathan  f r u i t  showed l i t t l e  change  
from  week t o  week* D u rin g  s to r a g e  th e  d e c r e a s e  was v e r y  
s l i g h t ,  and th e r e  was no a p p a ren t r e l a t i o n  b e tw een  tim e  
o f  h a r v e s t  and th e  f i n a l  r ea d in g  o b ta in e d *  The e f f e c t  o f  
tem p era tu re  on th e  r e a d in g  o b ta in e d  w ith  th e  e l e c t r i c a l  
m a tu r ity  t e s t e r  i s  v e r y  g r e a t  a s  shown in  th e  r e a d in g s  
f o r  th e  two y e a r s  w ith  b o th  v a r i e t i e s ,  th e  r e a d in g s  
b e in g  ta k e n  th e  f i r s t  y e a r  a t  32 d e g r e e s  P* and a t  room  
te m p e r a tu r e s  i n  1935*
The G rim es f r u i t  shows a s l i g h t  in c r e a s e  in  
y e llo w  ground c o lo r  d u r in g  th e  h a r v e s t  p e r io d ,  b u t t h i s  
i s  n o t  g r e a t  enough to  be u sed  a s  a m a tu r ity  in d e x , and 
a s  shown b y  r e a d in g s  from  o th e r  o r c h a r d s , and by o th e r  
i n v e s t i g a t o r s ,  many f a c t o r s  may a f f e c t  th e  ground c o lo r  
a t  th e  tim e  o f  h a r v e s t*  T here i s  a s l i g h t  change in  th e  
ground c o lo r  d u r in g  th e  c o ld  s to r a g e  p e r io d *
E d i b i l i t y  T e s t s * In  b o th  s e a s o n s  th e  f r u i t  was 
t e s t e d  f o r  e d ib le  q u a l i t y  d u r in g  th e  s to r a g e  p e r io d *  The 
t e s t s  w ere u s u a l ly  made a t  th e  tim e  o f  th e  f i r s t  s to r a g e  
sam ple n e a r  th e  end o f  November and a g a in  around th e  f i r s t  
o f  January* The t e s t s  a t  th e  tim e  o f  th e  f i r s t  s to r a g e  
sam ple w ere made by members o f  th e  H o r t ic u lt u r a l  Departm ent 
o f  th e  U n iv e r s i t y  o f  M aryland , and th o s e  a t  th e  b e g in n in g  
o f  th e  y e a r  by t h e s e  same in d iv i d u a l s ,  and by a la r g e  
number o f  grow ers a t t e n d in g  th e  M aryland H o r t ic u lt u r a l  
S o c ie t y  m e e t in g s ,  where sam p les o f  th e  f r u i t  w ere on
d i s p l a y .  In  1934 and 1935 n e i t h e r  group c o u ld  d e t e c t  
any c o n s i s t e n t  d i f f e r e n c e  in  th e  e d i b i l i t y  o f  Grim es 
f r u i t  h a r v e s te d  a t  th e  d i f f e r e n t  p ic k in g  d a t e s .
A p p a r e n t ly , a t  th e  tim e  th e  t e s t s  w ere m ade, th e r e  was 
no d i f f e r e n c e  in  th e  f r u i t  from  th e  d i f f e r e n t  p ic k in g  
d a t e s ,  e x c e p t  in  t h e i r  a b i l i t y  t o  s ta n d  up in  s t o r a g e .
In  t h i s  r e s p e c t  th e  in te r m e d ia te  p ic k in g s  p roved  b e s t  
( t a b l e s  V and V I ) .  The e a r ly  sam p les w ere r a th e r  b a d ly  
s h r i v e l e d ,  and th e  l a s t  p ic k in g s  showed more s h r i v e l i n g  
th a n  th e  in te r m e d ia te  g ro u p . No p r o t e c t io n  was ta k e n  
a g a in s t  th e  d evelop m en t o f  s c a ld  in  t h e s e  s to r a g e  s t u d i e s ,  
and by th e  end o f  th e  s t o r a g e  s e a so n  a l l  had d e v e lo p e d  
some s c a l d .  H ow ever, no c o n s i s t e n t  d i f f e r e n c e  betw een  
grou p s c o u ld  be n o t i c e d ,  and th e  s to r a g e  tem p era tu re  was 
su ch  t h a t  s c a ld  d eve lop m en t c o u ld  be more o r  l e s s  e x p e c te d ,  
a s  shown by P la g g e  and J&aney ( 7 1 ) .
In  th e  c a s e  o f  th e  Jon ath an  v a r ie t y  marked d i f f e r ­
e n c e s  w ere n o te d  in  th e  e d i b i l i t y  o f  th e  f r u i t  from  th e  
v a r io u s  p ic k in g s  in  b o th  y e a r s .  In  1934 a l l  sam p les o f  
Jon ath an  h a r v e s te d  b e fo r e  Septem ber 24 f a i l e d  to  d e v e lo p  
good q u a l i t y  in  s t o r a g e ,  and were r a te d  a s  p o o r . The 
f r u i t  from  t h e s e  p ic k in g s  was u n ifo r m ly  f l a t  i n  f l a v o r ,  
and th e  f l e s h  was 3a e k in g  in  s o l i d ,  c r i s p  t e x t u r e .  The 
l a s t  two p ic k in g s  on Septem ber 24 and O ctober 1 ,  h ow ever , 
d e v e lo p e d  good e d ib le  q u a l i t y ,  and th e  f l e s h  was f a i r  to  
good in  t e x t u r e .  The d i f f e r e n c e  was v ery  marked in  t h i s  
y e a r ,  In  1935  th e  v a r io u s  t e s t e r s  found t h a t  th e  Jona­
th a n s  h a r v e s te d  a t  th e  f i r s t  two h a r v e s t  d a t e s ,  August
TABLE IV — Pressure T est, E le c t r ic a l  Maturity Teeter Readings, and Maximum Diameter
o f  L o ts  o f  50 Grimes and  J o n a th a n  F r u i t  H a r v e s te d  a t  Weekly I n t e r v a l s  
from  J u n e  2 5 . 1935 t o  t h e  Com mercial H a r v e s t  P e r i o d ,  1935 ,
H arvest  
D a t e •
t•
: E l e c t r i c a l  M atu rity  
P r e ssu r e  T est : T e s te r  R eadings
(P ounds) : M illia m p s , x 100 .••
Maximum 






B : A : B A B
June 25 .
• •
: 4 8 .5 7  : 4 2 .5 2 3 .4 5 3 .3 6
J u ly  2 ,
• •
• 4 3 .1 5  • 4 3 .9 7 3 .7 9 4 .0 0
J u ly  9 .
• •
• 4 1 .6 8  : 3 7 .4 7 4 .6 5 4 .2 2
J u ly  16 .
• I
: 4 0 .6 2  : 4 1 .0 5 4 .9 1 4 .4 9
J u ly  23 .
• t
• 3 7 .0 8  : 3 6 .3 2 5 .4 3 4 .7 3
J u ly  30 .
• •
: 3 7 .8 2  • 3 5 .3 7 5 .3 1 4 .8 7
August 6 . 2 4 .3 8
• •
30+ S 3 7 .9 2  : 3 6 .1 5 5 .7 6 4 .8 4
A ugust 21 . 2 1 .2 5
9 9
2 5 .9 2  : 3 3 .6 2  i 3 3 .9 2 6 .4 2 5 .5 1
A ugust 2 9 . 2 2 .0 8
• 9
2 5 .8 7  : 2 6 .7 7  i 2 8 .8 5 6 .0 5 5 .3 4
Septem ber 6 . 2 1 .4 4
• •
2 3 .4 3  : 2 8 .0 3  ! 2 8 .9 6 6 .0 5 5 .4 7
Septem ber 1 1 . 1 9 .7 7
• •





B : A • B A B
June 25 .
• •
: 5 1 .3 3  • 4 6 .7 5 3 .9 3 3 .5 1
J u ly  2 .
• •
: 4 4 .7 7  t 4 3 .4 3 4 .2 3 3 .6 9
J u ly  9 .
• •
• 4 1 .5 5  : 3 8 .3 7 4 .6 6 4 .1 0
J u ly  1 8 .
• •
: 4 1 .0 1  : 3 8 .9 0 5 .0 8 4 .4 0
J u ly  23.
• *
: 3 8 .6 0  : 3 5 ,2 8 5 .5 5 4 .6 0
J u ly  30 . 2 4 .7 7
• •
30 + : 3 7 .0 8  : 3 3 .5 3 5 .5 3 4 .6 9
A ugust 6 . 2 2 .1 3
9 9
2 5 .8 3  • 3 6 .7 0  : 3 4 .6 5 6 .0 2 4 .9 8
A ugust 21 . 1 8 .6 2
• •
2 1 .4 0  • 3 1 .7 5  : 3 0 .8 0 6 .4 7 5 .5 2
August 2 9 . 1 8 .6 7
• •
1 9 .7 7  : 2 7 .5 2  : 2 5 .5 2 6 .4 0 5 .7 5
Septem ber 6 . 1 6 .8 3
• •
1 9 ,0 9  : 2 8 .2 7  t 2 8 .2 9 6 .6 8 5 .7 3
NOTE; * Column® h e a d e d  A g iv e  f i g u r e s  from  f r u i t s  t a k e n  fro m  h ig h  v i g o r  t r e e  and  
Colume B from  low v i g o r  t r e e s .
7 6 .
73.
TABLE V —  Average Per Cent Loss in  Weight per T h ir ty  Days in  Storage by S ize




H arvest Cate to 
End of November
End of November 
to  End of December Harvest
Date.
H arvest Cate to  
End of November.
Hind o f  November 
to  End of January
Large Medium Small Large Medium Small ^arge Medium Small Large Medium Small
August 23. 1.18 1.31 1.18 1.38 August 27. .60 .71 .35 .30
August 30. 1.00 1 .12 1.15 1.08 September 3 .88 .73 .71 .88 .70 .46
September
6.
.29 .26 .95 .66 September
10.
.21 .28 .29 .50 .54 .60
September
13.
.48 .89 .66 .99 . .33 .43 September
17.
.41 .50 .21 .93 .64 .60
September
20.
.44 .56 1.18 1 .16 September
24.
.71 .80 .79 .80 .84
September
27.
.83 1.13 1.56 1.55 October 1. .85 .94 1.16 .85
74.
TABLE VI — Average Pdr Cent Loss in  Weight p e r  T h ir ty  Days in  Storage




H arvest Date 
to  End of 
November.
End of November 




H arvest Date 
to End of 
November.
End of November 
to  End of 
December
Large Medium Large Medium Large Med ium Large, Medium
August 24. 1.53 1.41 August 29 1.30 1.40
August 31. 
31.
1 .53 1.55 .54 .98 September
6.
1 .56 1.78 1.38 1 .53
September
7.
.92 1.53 1.38 September
12.
1 .83 1.40 1.46 1.35
September
14.







.95 1.21 .94 1.12
29 and Septem ber 6 ,  w ere u n ifo r m ly  poor in  q u a l i t y  and  
t e x tu r e #  The t h ir d  p ic k in g ,  on Septem ber 1 2 , was found  
t o  b e  o f  f a i r  e d ib le  q u a l i t y ,  and to  have f a i r  t e x t u r e ,  
w h ile  l a t e r  p ic k in g s  w ere r a te d  a s  b e in g  o f  good q u a l i t y  
and f a i r  t o  good t e x tu r e #
In  th e  c&se o f  th e  Jon ath an  v a r ie t y  i t  i s  a p p a ren t  
t h a t  e d ib le  q u a l i t y  a f t e r  s to r a g e  i s  c l o s e l y  d ep en d en t on 
th e  s ta g e  o f  m a tu r ity  a t  h a r v e s t#  In  c o r r e la t in g  o th e r  
ch a n g es o f  th e  f r u i t  a t  th e  tim e  o f  h a r v e s t ,  th e  o n ly  
f a c t o r  s tu d ie d  w h ich  showed c lo s e  c o r r e l a t io n  to  th e  
e d ib le  q u a l i t y  a f t e r  s to r a g e  was th e  d evelop m en t o f  th e  
red  c o lo r #  In  b o th  y e a r s  th e  f r u i t  d e v e lo p e d  f a i r  to  
good e d ib le  q u a l i t y  a f t e r  th e  f r u i t  showed t w e n t y - f iv e  
p e r  c e n t  r e d  c o lo r ,  a s  m easured  on a random sam ple o f  
f r u i t  ta k e n  from  a l l  p a r t s  o f  th e  t r e e s #  In  1934 th e  
d evelop m en t o f  r e d  c o lo r  was v e r y  l a t e  in  th e  se a so n  and 
v e r y  r a p id ,  so  th e  d i f f e r e n c e  b etw een  th e  f o u r t h  and  
f i f t h  p ic k in g s ,  b e tw een  w h ich  th e  t w e n t y - f iv e  p er  c e n t  
p o in t  was p a s s e d , was v e r y  marked# In  1935 th e  d e v e lo p ­
m ent o f  red  c o lo r  was r a th e r  g ra d u a l th ro u g h o u t th e  f i v e  
week p e r io d #  The t h ir d  p ic k in g ,  made on Septem ber 1 2 ,  
showed a red  c o lo r  d evelop m en t o f  p r a c t i c a l l y  t w e n t y - f iv e  
p e r  c e n t#  A f te r  t h i s  th e  p e r  c e n t  red  c o lo r  was con­
s id e r a b ly  h ig h e r .  The t h ir d  p ic k in g  was a l s o  th e  f i r s t  
t o  show f a i r  e d ib le  q u a l i t y  a f t e r  th e  s to r a g e  p e r io d ,  and 
th e  l a t e r  p ic k in g s  showed good e d ib le  q u a l ity #
M is c e lla n e o u s  S t u d ie s # In  1935 two t r e e s  
o f  Grim es and two o f  Jonathan  w ere s e l e c t e d  e a r ly  In th e
summer a t  F r e d e r ic k ,  M aryland . W ith e a c h  v a r i e t y ,  one  
t r e e  was s e l e c t e d  f o r  h ig h  v i g o r ,  and th e  o th e r  f o r  low  
v i g o r ,  a s  m easured  by  th e  le n g t h  and d ia m e te r  o f  t h e  
te r m in a l  grow th  o f  th e  p r e v io u s  s e a s o n , and th e  amount 
o f  and c o lo r  o f  th e  f o l i a g e  in  th e  e a r ly  summer. M easure­
m en ts w ere ta k e n  on th e  d ia m e te r  o f  th e  f r u i t  and w ith
th e  e l e c t r i c a l  m a tu r ity  t e s t e r ,  s t a r t i n g  June 2 5 , and
c o n t in u e d  u n t i l  th e  t im e  o f  h a r v e s t ,  f i f t y  f r u i t  b e in g  
u se d  in  e a ch  c a s e .  P r e ssu r e  t e s t s  were ta k en  a f t e r  
A ugust 6 f o r  th e  Grimes and a f t e r  J u ly  30 f o r  th e  J o n a th a n , 
t h e s e  b e in g  th e  f i r s t  d a t e s  on w h ich  th e  p r e s s u r e  t e s t  
f e l l  t o  a p o in t  m ea su ra b le  w ith  th e  p r e s su r e  t e s t e r .  The 
r e s u l t s  o f  t h e s e  e a r ly  s e a so n  m easurem ents a r e  shown i n  
t a b le  IV .
W ith th e  Grim es v a r i e t y  th e  s i z e  o f  th e  f r u i t
from  th e  low  v ig o r  t r e e  was s m a lle r  th a n  from  th e  more
v ig o r o u s  t r e e *  T h is  d i f f e r e n c e  in  s i z e  i s  r e f l e c t e d  in  
th e  p r e s s u r e  t e s t  d a t a ,  w h ich  show t h a t  th e  f r u i t  from  
th e  h ig h  v ig o r  t r e e  c o n s i s t e n t l y  had th e  lo w er  p r e s s u r e  
t e s t .  The e l e c t r i c a l  m a tu r ity  t e s t e r  m easurem ents f e l l  
s t e a d i l y  th ro u g h o u t th e  e a r ly  s e a s o n , from  a h ig h  o f  
around f o r t y - f i v e  u n i t s  on June 2 5 ,  to  around t w e n t y - s ix  
u n i t s  a t  th e  tim e  o f  th e  com m ercia l h a r v e s t ,  s h o r t ly  a f t e r  
Septem ber 1 1 • The r a te  o f d e c r e a s e  was f a i r l y  u n iform  
u n t i l  th e  2 1 s t  o f  A u g u st, a f t e r  w h ich  th e  change was v e ry  
s m a l l .
The Jon ath an  v a r ie t y  showed a tr e n d  v e r y  s im i la r  
t o  th e  G rim es in  grow th o f  f r u i t  and th e  p r e s s u r e  t e s t  in
com paring th e  h ig h  and low  v ig o r  t r e e s .  The e l e c t r i c a l  
m a tu r ity  t e s t e r  r e a d in g s  w ere somewhat h ig h e r  th a n  f o r  
th e  G rim es v a r i e t y  on th e  June 2 5 th  sa m p lin g , a v e r a g in g  
around f o r t y - e i g h t  u n i t s .  The v a lu e s  a t  th e  end  o f  th e  
s e a s o n , Septem ber 6 ,  w ere in  th e  same ran ge  a s  th e  G rim es, 
o r  a b o u t t w e n t y - s ix  u n i t s .  As w ith  th e  G rim es, th e  l a s t  
two o r  th r e e  sam p les showed a d e c r e a se d  r a t e  o f  c h a n g e .
One r a th e r  n o t i c e a b le  d i f f e r e n c e  i n  th e  c a se  o f  th e  
Jonath an  f r u i t  i s  th e  f a c t  t h a t  th e  low v ig o r  t r e e  gave  
somewhat lo w er  e l e c t r i c a l  m a tu r ity  t e s t e r  r e a d in g s  
th ro u g h o u t th e  s e a s o n .  As no c o r r e la t io n  was n o t i c e d  
b etw een  f r u i t  s i z e  and th e  e l e c t r i c a l  m a tu r ity  t e s t e r  
r e a d in g s  in  th e  r e g u la r  h a r v e s t  o f  e i t h e r  1934 o r  1935  
i t  a p p ea r s  t h a t  t h i s  d i f f e r e n c e ,  a lth o u g h  s l i g h t ,  d e n o te s  
a d e f i n i t e  p h y s i o l o g ic a l  d i f f e r e n c e  i n  th e  f r u i t  o f  the  
two t r e e s .
The f r u i t  from  b o th  th e  Grim es and Jonath an  t r e e s  
u se d  in  t h i s  s tu d y  was h a r v e s te d  c o m m e rc ia lly  d u r in g  th e  
w eek f o l lo w in g  Septem ber 1 1 , and th e  s to r a g e  r e s u l t s  w ith  
Jonath an  h a r v e s te d  on you n ger t r e e s  from  th e  same orch ard  
in d ic a t e d  t h a t  th e  Jonath an  f r u i t  had reach ed  m a tu r ity  
by t h i s  d a t e .  The e l e c t r i c a l  m a tu r ity  t e s t e r ,  how ever, 
showed no d e c r e a s e  a f t e r  A ugust 2 9 ,  some two w eeks p r e v io u s  
to  t h i s  d a t e .  T h u s, i t  i s  e v id e n t  and s u b s t a n t ia t e s  th e  
d a ta  from  th e  w e e k ly  p ic k in g  t e s t s  t h a t  th e  e l e c t r i c  
m a tu r ity  t e s t e r  d o e s  n o t  p r o v id e  an ad eq u ate  m easure o f  
f r u i t  m a t u r i ty .
R e s u lt s  o f  C hem ical S tu d ie s
C hem ical a n a ly s e s  w ere made f o r  d ry  m a t te r , r e ­
d u c in g  s u b s t a n c e s ,  s u c r o s e ,  t o t a l  s u g a r s , s t a r c h ,  and  
t o t a l  n i t r o g e n  c o n te n t  a t  th e  v a r io u s  h a r v e s t  d a te s  and  
a t  th e  t im e s  s to r a g e  sam p les w ere ta k e n , f o r  b o th  Grimes 
and Jonath an  i n  1 9 3 4 . A l l  d a ta  ©ru th e  c h e m ic a l a n a ly s e s  
a r e  g iv e n  in  t a b l e s  XXI t o  XXVI on th e  dry w e ig h t  b a s i s ,  
b u t o n ly  t y p i c a l  ch a n g es o r  tr e n d s  in  th e  v a r io u s  f r a c t i o n s  
are shown g r a p h i c a l l y .  The p e r  c e n t  d ry  m a tte r  was compara­
t i v e l y  c o n s ta n t  th r o u g h o u t th e  h a r v e s t  and s to r a g e  p e r io d  
f o r  a l l  sa m p le s , and th e  r e s u l t s  c a lc u la t e d  on th e  f r e s h  
w e ig h t  b a s i s  t h e r e f o r e  f o l lo w  c l o s e l y  th e  tr e n d s  shown on 
th e  dry w e ig h t  b a s i s .  F or t h i s  r e a so n  d a ta  c a lc u la t e d  on 
th e  f r e s h  w e ig h t  b a s i s  a r e  o m it te d .
Dry M a tte r .  The p e r c e n t  d ry  m a tte r  f o r  Grimes I s  
shown In  f i g .  26 and t a b le  XXI t o  range b etw een  1 6 .8  p er  
c e n t  t o  1 8 .7  p e r  c e n t  d u r in g  th e  s i x  w e ek ly  h a r v e s t s .  By 
com paring t h i s  w ith  f i g .  5 I t  I s  s e e n  t h a t  low  p e r c e n ta g e s  
o f  d ry  m a tte r  a re  c o r r e la t e d  w ith  p e r io d s  o f  r a i n f a l l ,  
p r o b a b ly  c au sed  by  In ta k e  o f  w a ter  a f t e r  p e r io d s  o f  h ig h  
r a i n f a l l .  T a b le s  XXII and XXIII show th e  v a lu e s  o b ta in e d  
a t  th e  tim e  sa m p les w ere ta k en  from  s t o r a g e .  In  g e n e r a l  
th e  p e r c e n t  dry m a tte r  rem ained  c o n s ta n t  th ro u g h o u t th e  
s t o r a g e  p e r io d ,  and i t s  v a lu e  a t  th e  end o f  th e  s to r a g e  
p e r io d  depended on th e  p e r c e n t  dry m a tte r  p r e s e n t  a t  th e
t im e  o f  p ic k in g .
S im i la r  d a ta  a r e  shown in  f i g .  27 fo r  th e  Jonathan  
f r u i t .  The r e s u l t s  a r e  v e r y  s im i la r  in  t h a t  lo w , dry
m a tte r  c o n te n t  c o in c id e s  w ith  p e r io d s  o f  h ig h  r a i n f a l l ,  
and th e  d r y  m a tte r  c o n te n t  a t  th e  end o f  th e  s to r a g e  
p e r io d  d ep en d s on t h e  v a lu e  a t  th e  t im e  o f  h a r v e s t#
The d ry  m a tte r  c o n te n t  o f  th e  Jonath an  v a r ie t y  
was a b o u t two p e r  c e n t  lo w er  than  th a t  o f  th e  Grimes 
v a r ie t y *  The s to r a g e  r e s u l t s  a l s o  ch eck  c l o s e l y  w ith  
t h o s e  o f  th e  Grim es v a r i e t y ,  and a r e  shown in  t a b l e s  
XXV and XXVI.
R ed u cin g  S u b s ta n c e s .  The r e d u c in g  su b s ta n c e  
c o n te n t  o f  th e  Grimes v a r i e t y  i s  g r a p h ic a l ly  shown oh 
th e  dry  w e ig h t  b a s i s  in  f i g s ,  28  and t a b le  XXI. As i s  
shown i n  th e  f ig u r e  th e r e  was c o n s id e r a b le  v a r ia t io n  
b etw een  t h e  s i z e  g r o u p s , and t h e  medium s i z e  f r u i t  
u s u a l ly  had th e  h ig h e s t  r e d u c in g  su g a r  c o n t e n t ,  th e  o n ly  
e x c e p t io n  b e in g  th e  f i f t h  p ic k in g  o f  Septem ber 3 0 , when 
th e  la r g e  s i z e  group was c o n s id e r a b ly  h ig h e r  th an  th e  
m edium  s i z e  g ro u p . W hile  th e  range a t  th e  tim e o f  th e  
v a r io u s  p ic k in g s ,  in c lu d in g  th e  v a r io u s  s i z e  g r o u p s , 
v a r ie s  from  31*5  p e r  c e n t  to  3 8 .5  p e r c e n t  th e  w e ig h te d  
a v e r a g e s  show a much s m a lle r  r a n g e , 35 p er  c e n t  t o  t h i r t y -  
e ig h t  p e r  c e n t .  T h is  v a r i a t i o n  i s  c o m p a r a tiv e ly  s m a l l .  
There i s  no tr e n d  a p p a ren t in  th e  r e d u c in g  su g a r  c o n te n t  
d u r in g  t h i s  p e r io d .
The d a ta  f o r  th e  s to r a g e  p e r io d  a re  shown, on a 
dry  w e ig h t  b a s i s ,  in  t a b l e s  XXII and X X III . There was a 
s l i g h t  in c r e a s e  In  th e  r e d u c in g  su g a r  c o n te n t  d u r in g  th e  
f i r s t  h a l f  o f  th e  s to r a g e  p e r io d  i n  a l l  c a s e s  e x c e p t  th e  
f o u r t h  h a r v e s t ,  w h ich  rem ained th e  sam e. The f r u i t
h a r v e s t e d  e a r l y  i n  th e  s e a so n  app eared  t o  show a s l i g h t l y  
g r e a t e r  in c r e a s e  a t  th e  tim e  o f  th e  f i r s t  s to r a g e  sam ple*  
th e  fo u r t h  showed no i n c r e a s e ,  and th e  l a s t  two p ic k in g s  
w ere in te r m e d ia te #  A l l  e x c e p t  th e  l a s t  p ic k in g  showed a 
r a th e r  sh a rp  r i s e  b etw een  th e  f i r s t  and se co n d  s to r a g e  
sam ple# T here was no a p p a ren t c a u se  f o r  th e  d e c r e a s e  
shown i n  th e  l a s t  p ic k in g  in  th e  l a s t  h a l f  o f  th e  s to r a g e  
p e r io d ,  b u t ,  a s  w i l l  be shown l a t e r ,  th e r e  was a c o r r e s ­
p o n d in g  in c r e a s e  i n  s u c r o s e  in  t h i s  sa m p le , in d ic a t in g  
th e  f a i l u r e  o f  s u c r o s e  to  be in v e r te d  to  r ed u c in g  su g a r s  
i n  t h i s  p ic k in g #
The d a ta  f o r  th e  r e d u c in g  su g a r s  o f  th e  Jonathan  
v a r ie t y  a re  p r e s e n te d  on a dry w e ig h t  b a s i s  in  f i g #  29  
and t a b l e  XXIV# As w ith  th e  Grimes v a r i e t y ,  th e r e  was 
no a p p a ren t s e a s o n a l  tr e n d  in  th e  r e d u c in g  su g a r  c o n te n t  
d u r in g  th e  p e r io d  under in v e s t ig a t io n #  In  th e  c a s e  o f  
th e  Jon ath an  v a r i e t y ,  h o w ev er , th e  v a r i a b i l i t y  b etw een  
th e  s i z e  grou p s w as much s m a l le r ,  and th e  a b s o lu te  q u a n ti­
t i e s  w ere somewhat g r e a t e r ,  ru n n in g  from  f o r t y  per c e n t  t o  
f i f t y  per c e n t  o f  th e  d ry  m a tter#  .
The change in  r e d u c in g  su g a r s  d u r in g  th e  s to r a g e  
p e r io d  i s  shown g r a p h ic a l ly  in  f i g #  33 and t a b l e s  XXV and 
XXVI# At th e  end o f  th e  f i r s t  h a l f  o f  th e  s to r a g e  p e r io d  
th e  p er  c e n t  r e d u c in g  s u b s ta n c e s  was abou t th e  same a s  a t  
th e  tim e  o f  h a r v e s t ,  some p ic k in g s  show ing a s l i g h t  I n c r e a s e  
and some a s l i g h t  d e c r e a se *  The f i f t h  p ic k in g ,  w h ich  showed 
a l o s s  o f  r e d u c in g  s u b s ta n c e s  a t  th e  tim e o f  th e  f i r s t  
s t o r a g e  sam ple and had th e  lo w e s t  r e d u c in g  su b s ta n c e  con -
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t e n t  was h i g h e s t  in  s u c r o s e  a t  t h i s  t im e , a s  w i l l  be  
shown l a t e r .  A ir in g  th e  se c o n d  h a l f  o f  th e  s to r a g e  
p e r io d ,  h o w ev er , a l l  sa m p les showed an in c r e a s e  in  r e ­
d u c in g  s u g a r s ,  th e  f i n a l  v a lu e s  r a n g in g  around f i f t y - f i v e  
p e r  c e n t .  T here i s  no a p p a ren t r e l a t i o n  b etw een  th e  tim e  
o f  h a r v e s t  and th e  p e r c e n ta g e  r e d u c in g  s u b s ta n c e s  a t  th e  
end o f  e i t h e r  th e  f i r s t  or se co n d  s to r a g e  p e r io d s ,  so  i t  
m ust be assum ed t h a t  th e  v a r ia t io n  fo u n d  i s  th e  n a tu r a l  
v a r ia t i o n  due t o  sa m p lin g .
S u c r o s e .  The s u c r o s e  c o n te n t  o f  th e  Grimes 
v a r ie t y  i s  shown on th e  dry  w e ig h t  b a s i s  in  f i g .  30 and 
t a b le  XXI. U n lik e  th e  r e d u c in g  s u g a r s , a d e f i n i t e  
s e a s o n a l  tr e n d  i s  a p p a ren t in  th e  ca se  o f  th e  s u c r o se  
c o n t e n t .  I t  was v e r y  low  a t  th e  b e g in n in g  o f  th e  h a r v e s t  
p e r io d ,  th e  f i r s t  sam ple b e in g  a p p r o x im a te ly  s i x  p e r  c e n t  
s u c r o se  on th e  dry  w e ig h t  b a s i s .  By th e  se co n d  week t h i s  
had jumped t o  a b o u t s i x t e e n  p e r  c e n t  a f t e r  w h ich  th e r e  was 
a w e e k ly  in c r e a s e  o f  two or  th r e e  p e r  c e n t  u n t i l  th e  l a s t  
p ic k in g ,  w h ic h  dropped o f f  t o  tw en ty  per c e n t  s u c r o s e .
The v a r ia t i o n  b e tw een  s i z e  grou p s was s m a l l ,  th e  g r e a t e s t  
v a r ia t i o n  b e in g  shown in  th e  m id -p e r io d  p ic k in g s ,  where  
d i f f e r e n c e s  o f  f i v e  t o  t e n  per c e n t  w ere ap p aren t betw een  
th e  s i z e  g r o u p s . In  g e n e r a l ,  th e  la r g e r  s i z e  groups had 
th e  h ig h e s t  s u c r o s e  c o n t e n t .  F ig u r e  34 and t a b l e s  XXII 
and X X III show th e  r e l a t i o n  b etw een  th e  su c r o se  c o n te n t  
a t  h a r v e s t  and d u r in g  th e  s to r a g e  p e r io d .  There was a 
d i s t i n c t  te n d e n c y  f o r  th e  s u c r o s e  c o n te n t  o f  a l l  groups  
to  come to  a v a lu e  b etw een  tw e n ty  p e r  c e n t  and tw en ty -  
f i v e  p er  c e n t ,  w h ic h  r e s u l t e d  i n  a sharp  in c r e a s e  in  th e
c&so o f  t h e  f i r s t  p ic k in g *  and a d e c r e a s e  in  some o f  th e  
l a t e r  p ic k in g s #  The f o u r t h  p ic k in g  rem ained r a th e r  h ig h  
i n  s u c r o s e  c o n te n t  a t  t h i s  t im e  —  about t w e n t y - e ig h t  p er  
c e n t ,  w h ich  i s  a p p a r e n t ly  a s s o c ia t e d  w ith  a low  r e d u c in g  
su g a r  c o n te n t  in  t h i s  g ro u p , i n d ic a t in g  f a i l u r e  o f  
in v e r s io n #  D u rin g  th e  se c o n d  h a l f  o f  th e  s to r a g e  p e r io d  
th e r e  w as a te n d e n c y  f o r  th e  su c r o se  c o n te n t  o f  th e  f i r s t  
p ic k in g s  t o  f a l l  o f f ,  p r o b a b ly  a s s o c i a t e d  w ith  th e  n e a r ly  
co m p le te  d isa p p e a r a n c e  o f  s t a r c h  i n  th e  e a r l y  h a r v e s te d  
f r u i t  by th e  end o f  th e  s to r a g e  p e r io d #  The l a t e r  p ic k ­
in g s  in c r e a s e d  s l i g h t l y .  The s u c r o s e  c o n te n t  a t  th e  
end o f  t h e  s t o r a g e  p e r io d ,  t h e r e f o r e ,  v a r ie d  more w id e ly  
th a n  a t  th e  t im e  o f  th e  f i r s t  s to r a g e  sam ple#
The r e s u l t s  o f  th e  s u c r o s e  a n a ly s e s  f o r  th e  
Jon ath an  v a r i e t y  a t  th e  h a r v e s t  d a t e s  a r e  g iv e n  on a dry  
w e ig h t  b a s i s  in  t a b le  XXVII# As i s  shown in  th e  t a b l e ,  
th e r e  was o n ly  a s l i g h t  v a r ia t i o n  in  su c r o se  c o n te n t  
b etw een  th e  v a r io u s  s i z e  g r o u p s , and a s  i n  th e  G rim es, 
th e  l a r g e r  s i z e  grou p s te n d e d  to  have th e  h ig h e s t  su c r o se  
c o n te n t#  T h is  was e s p e c i a l l y  so in  th e  l a s t  two h a r v e s t s ,  
where th e  g r e a t e s t  v a r ia t i o n  was found# The w e ig h te d  
a v e r a g e s  showed a s e a s o n a l  tr e n d  somewhat s im i la r  to  t h a t  
fo u n d  in  th e  Grim es v a r i e t y ,  a lth o u g h  n o t so c l e a r - c u t .
The s u c r o s e  c o n te n t  o f  th e  i n i t i a l  p ic k in g  was v e ry  lo w ,  
a b o u t th r e e  p er  c e n t  b u t t h i s  had in c r e a s e d  t o  n e a r ly  
tw e n ty  p er  c e n t  by th e  t im e  o f  th e  seco n d  h a r v e s t  d a te#  
L a te r  p ic k in g s  v a r ie d  around th e  tw e n ty  p er  c e n t  p o i n t ,  
w it h  a s l i g h t  te n d e n c y  to  in c r e a s e  u n t i l  th e  l a s t  p ic k in g ,
w h ich  drop p ed  o f f  t o  ah ou t f i f t e e n  p e r  c e n t  su c r o se *  The 
a b s o lu t e  v a lu e s  w ere s l i g h t l y  lo w e r  than  w ith  th e  Grim es 
v a r ie t y *  F ig u r e  55 and t a b l e s  XXV and XXVI show th e  tr e n d  
o f  th e  s u c r o s e  c o n te n t  d u r in g  th e  s to r a g e  p e r io d  f o r  th e  
J on ath an  v a r i e t y ,  on a d ry  w e ig h t  b a s is *  As in  th e  G rim es, 
th e  s u c r o s e  c o n te n t  te n d e d  tow ard a c o n s ta n t  p o i n t ,  v a r y in g  
b etw een  t h i r t e e n  and e ig h t e e n  p e r  c e n t  a t  th e  tim e  th e  f i r s t  
s to r a g e  sam ple w as tak en *  The f i f t h  p ic k in g  f e l l  o u t o f  
l i n e  in  t h i s  c a s e ,  and was c o n s id e r a b ly  h ig h e r ,  and , a s  
shown e a r l i e r ,  had th e  lo w e s t  r e d u c in g  su b s ta n c e  c o n te n t  
a t  t h i s  t im e ,  i n d ic a t in g  f a i l u r e  o f  th e  s u c r o s e  to  be 
h y d r o ly z e d  t o  r e d u c in g  su b s ta n c e s *  U n lik e  th e  G rim es, t h e r e  
was no a p p a ren t t r e n d  in  th e  su c r o se  c o n te n t  d u r in g  th e  
se co n d  h a l f  o f  th e  s to r a g e  s e a s o n , m ost o f  th e  p ic k in g s  
com ing to  a r a th e r  c o n s ta n t  p o in t  o f  about s i x t e e n  p er  
c e n t*  In  g e n e r a l ,  e x c e p t  f o r  th e  f i r s t  p ic k in g ,  th e  
m agn itu d e o f  t  he s u c r o s e  c o n te n t  rem ained p r a c t i c a l l y  eon -  
s ta n d  th r o u g h o u t th e  s to r a g e  s e a s o n , se e m in g ly  te n d in g  
tow ard  a c o n sta n d  l e v e l*
T o t a l  S u g a r s* The t o t a l  su g a rs  r e f l e c t  th e  v a r ia ­
t i o n s  fou n d  in  th e  su c r o se  c o n te n t  v e r y  c l o s e l y ,  d u r in g  
th e  p ic k in g  p e r io d  ( t a b l e s  XXI and XXIV). As shown a b o v e , 
th e  r e d u c in g  su g a r  c o n te n t  rem ained  r a th e r  c o n s ta n t  d u rin g  
t h i s  p e r io d ,  and o n ly  th e  su c r o se  c o n te n t  changed m ater­
i a l l y ,  o r  showed a s e a s o n a l  t r e n d .  T h e r e fo r e , i t  w ould be 
e x p e c te d  t h a t  th e  t o t a l  su g a rs  sh o u ld  f o l lo w  th e  su c r o se  
c o n te n t*  The a b s o lu t e  am ounts a r e  g r e a t e s t  f o r  th e  Jona­
th a n  v a r i e t y  b eca u se  o f  i t s  h ig h e r  r e d u c in g  su gar c o n te n t*
Figure 50*
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The p er  c e n t  s u c r o s e  b y  s i z e  
grou p s and w e ig h te d  a v e r a g e  
f o r  th e  G rim es v a r i e t y  a t  th e  
w e e k ly  h a r v e s t  i n t e r v a l s ,  1 9 3 4 .
The p e r  c e n t  s t a r c h  by s i z e  
groups and w e ig h te d  a v e r a g e  
f o r  th e  G rim es v a r i e t y  a t  th e  
w e e k ly  h a r v e s t  i n t e r v a l s ,  1934
The p er  c e n t  s t a r c h  by th e  s i z e  
grou p s and w e ig h te d  a v e r a g e s  
f o r  t h e  Jon ath an  v a r i e t y  a t  th e  
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In  th e  c a se  o f  th e  Grim es v a r i e t y  th e  t o t a l  su g a r  cu rve  
a lm o st e x a c t l y  d u p l i c a t e s  t h a t  f o r  s u c r o s e ,  and n eed  n o t  
he d is c u s s e d  fu r th e r *  The Jonath an  v a r i e t y ,  h o w ev er ,
( f i g .  3 6 ) shows an i n t e r a c t i n g  e f f e c t ,  th e  t o t a l  su g a r  
c o n te n t  in c r e a s in g  t o  a maximum a t  th e  f o u r t h  p ic k in g  
and d e c r e a s in g  t h e r e a f t e r *
In  b o th  c a s e s  th e  t o t a l  su g a r  c o n te n t  i s  r e l a t i v e l y  
low  a t  th e  tim e  o f  th e  f i r s t  p ic k in g  b e ca u se  o f  th e  low  
su c r o se  c o n te n t  a t  t h a t  tim e* As th e  ch an ges in  red u c in g  
su g a rs  and s u c r o s e  d u r in g  s to r a g e  were r a th e r  sm a ll f o r  
b o th  v a r i e t i e s ,  th e  same h o ld  f o r  th e  t o t a l  su g a r s  ( t a b l e s  
X X II, X X III , XXV, and XXVI). W ith th e  Grimes v a r i e t y  th e r e  
i s  a te n d e n c y  f o r  th e  t o t a l  su g a r  c o n te n t  to  r e a c h  a v a lu e  
o f  abou t s ix t y - t w o  p e r  c e n t  a t  th e  end o f  th e  s to r a g e  
s e a s o n . The r e s u l t s  a t  th e  end o f  th e  f i r s t  h a l f  o f  th e  
s to r a g e  p e r io d  a re  c o n s id e r a b ly  more v a r ia b le ,  b u t even  
so  th e  ten d e n c y  f o r  a l l  to  come to  a common l e v e l  i s  a p p aren t  
a t  t h a t  t im e .  The n e t  tr e n d  f o r  a l i  Grimes p ic k in g s  i s  
tow ard a s l i g h t  in c r e a s e  In  t o t a l  su g a r s  d u r in g  th e  s to r a g e  
p e r io d ,  w hich r e f l e c t s  m ost c l o s e l y  th e  in c r e a s e  In  r ed u c in g  
s u b s ta n c e s  d u r in g  th e  s to r a g e  p e r io d *  As a l l  th e  s t a r c h  h a s  
n o t b een  h y d r o ly z e d  a t  t h a t  t im e , i t  seem s t h a t  in v e r s io n  o f  
c a r b o h y d r a te s  i s  p r o g r e s s in g  s l i g h t l y  f a s t e r  th an  r e s p ir a ­
t i o n  in  u s in g  th e  c a r b o h y d r a te s , and th a t  h y d r o ly s is  o f  
s t a r c h  to  s u c r o s e  i s  e q u a l iz e d  by h y d r o ly s is  o f  su c r o se  
t o  r e d u c in g  su b s ta n c e s  w ith  a n e t  r e s u l t  o f  s l i g h t l y  In­
c r e a s e d  r e d u c in g  su b s ta n c e s  and t o t a l  su g a r  c o n t e n t .
W ith th e  Jonath an  v a r i e t y  th e r e  i s  a tr e n d  s im i la r  to  t h a t
F ig u r e  33# The w e ig h te d  a v e r a g e  p e r  c e n t  
r e d u c in g  s u b s ta n c e s  a t  th e  
w e e k ly  h a r v e s t  i n t e r v a l s  and  
th r o u g h o u t th e  s t o r a g e  p e r io d  
f o r  th e  Jon ath an  v a r i e t y ,  1934#
F ig u r e  34# The w e ig h te d  a v era g e  p e r  c e n t  
s u c r o s e  a t  th e  w e e k ly  h a r v e s t  
i n t e r v a l s  and th r o u g h o u t th e  
s to r a g e  p e r io d  f o r  t h e  Grim es 
v a r i e t y ,  1934#
F ig u r e  35* The w e ig h te d  a v e r a g e  p e r  c e n t  
s u c r o s e  a t  th e  w e ek ly  h a r v e s t  
i n t e r v a l s  and th r o u g h o u t th e  
s t o r a g e  p e r io d  f o r  t h e  Jon ath an  
v a r i e t y ,  1934#
^ ig u r e  36# The w e ig h te d  a v e r a g e  p er  c e n t  
t o t a l  s u g a r s  a t  th e  w e e k ly  
h a r v e s t  i n t e r v a l s  and th r o u g h ­
o u t th e  s to r a g e  p e r io d  f o r  th e  
Jon ath an  v a r i e t y ,  1934#
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fo u n d  in  t h e  Grim es f o r  th e  t o t a l  su g a r s  t o  come t o  a 
common p o in t  a t  t h e  end o f  th e  s to r a g e  s e a s o n , w h ich , in  
t h i s  c a s e ,  was a b o u t s e v e n ty  p er  c e n t  on a d ry  w e ig h t  
b a s i s ,  and about e le v e n  p e r  c e n t  on a f r e s h  w e ig h t  b a s is #  
B ecau se  th e  g e n e r a l  l e v e l  o f  th e  t o t a l  su g a r s  a t  th e  tim e  
o f  h a r v e s t  was below  t h i s  p o in t ,  th e r e  i s  an upward tr e n d  
i n  th e  t o t a l  su g a r  c o n te n t  th ro u g h o u t th e  s to r a g e  p e r io d #  
P r a c t i c a l l y  a l l  th e  s t a r c h  had d isa p p e a r e d  b y  th e  end o f  
th e  seco n d  s to r a g e  p e r io d ,  and i t  w ould  be e x p e c te d  t h a t  
th e  t o t a l  su g a rs  w ould  soon  b e g in  to  f a l l  o f f  due t o  
r e s p ir a t o r y  lo s s e s #  As in  th e  c a se  o f  th e  G rim es, t h i s  
m ost n e a r ly  r e f l e c t s  th e  tre n d  in  th e  r e d u c in g  su gars#
S ta r c h # As b ro u g h t o u t a b o v e , s ta r c h  d e te r m in a t io n s  
w ere c a r e f u l l y  made u s in g  a m ethod d e s ig n e d  to  g e t  a t  th e  
a b s o lu te  q u a n t i t i e s  o f  s t a r c h  and e x c lu d e  a l l  o th e r  
s u b s ta n c e s  w h ich  m igh t i n t e r f e r e  w ith  th e  d e te r m in a t io n #  
M icro ch em ica l c h e ck s  w ere run on a l l  sa m p le s , and in  no 
e a se  d id  th e  m acroch em ica l m ethod g iv e  a p o s i t i v e  s ta r c h  
r e s u l t  where th e  m icr o c h e m ic a l t e s t  showed th e r e  was none#  
A l l  s ta r c h  d e te r m in a t io n s  w ere made on f r u i t  sam p les o f  
1934#
The d a ta  f o r  th e  s t a r c h  d e te r m in a t io n s  on Grimes 
a re  g iv e n  in  f i g #  31 and t a b le  XXI, on th e  d ry  w e ig h t  
b a s is #  The s ta r c h  c o n te n t  o f  Grim es was h ig h  a t  th e  tim e  
o f  th e  f i r s t  p ic k in g ,  a v e r a g in g  around se v e n  p e r  c en t#
D uring th e  f o l lo w in g  w e ek ly  i n t e r v a l s  th e r e  was a r e g u la r  
d e c r e a s e  u n t i l  a low  o f  abou t 2#5 p e r  c e n t  was rea ch ed  a t  
th e  tim e  o f  th e  f i f t h  p ic k in g #  The l a s t  p ic k in g  showed an
in c r e a s e  t o  a l i t t l e  o v e r  fo u r  p e r  c en t*  No r e a so n  can  
be advan ced  f o r  t h i s  in c r e a s e  d u r in g  th e  l a s t  w e e k ly  
i n t e r v a l ,  b u t i t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  su c r o se  
c o n te n t  d e c r e a s e d  in  t h i s  w e ek ly  i n t e r v a l ,  w h ile  th e  r e ­
d u c in g  su g a r  c o n te n t  rem ained  abou t th e  same# A p p a r e n tly ,  
f o r  some r e a s o n , th e r e  was e i t h e r  p o ly m e r iz a t io n  o f  s u c r o s e  
to  s t a r c h  d u r in g  t h i s  t im e ,  or  ih i l u r e  o f  s t a r c h  t o  be 
h y d ro ly z ed #
V a r ia t io n  in  t h e  s ta r c h  c o n te n t  o f  th e  v a r io u s  
s i z e  groups i s  m od erate  in  n a tu r e ,  and th e r e  i s  no  
a p p a ren t c o r r e l a t io n  b e tw een  s i z e  group and s t a r c h  con­
t e n t ,  th e  v a r ia t i o n  fo u n d  a p p a r e n t ly  b e in g  due to  sam p lin g#
F ig #  37 and t a b l e s  XXII and X X III g iv e  th e  ch an ges  
o f  th e  s t a r c h  c o n te n t  o f  Grim es d u r in g  s to r a g e #  I t  i s  
a p p a ren t t h a t  s ta r c h  r a p id ly  d e c r e a s e s  i n  s t o r a g e ,  a l ­
th ou gh  i n  th e  Grim es v a r i e t y  i t  d id  n o t d is a p p e a r  
e n t i r e l y ,  e v e n  by th e  end o f  th e  s to r a g e  p e r io d #  By th e  
tim e o f  th e  f i r s t  s to r a g e  sa m p lin g , th e  s ta r c h  c o n te n t  had  
rea ch ed  a low  p e r c e n ta g e ,  e x c e p t  f o r  th e  t h ir d  p i c k in g ,  and 
ten d ed  to  come to  a common l e v e l  o f  abou t 0#4 p e r  c e n t ,  
r e g a r d le s s  o f  the amount p r e s e n t  a t  th e  t im e  o f  h a r v e s t#  
T h u s, a s  a r u l e ,  th e  e a r ly  p ic k in g s  p r o b a b ly  showed a 
h ig h e r  r a te  o f  s t a r c h  in v e r s io n  th an  th e  l a t e r  p ic k in g s *
The p e r io d  b etw een  th e  f i r s t  and seco n d  s to r a g e  sa m p lin g  
was marked by a v ery  s lo w  d e c r e a s e  in  th e  s ta r c h  c o n t e n t ,  
a l l  sa m p les f a l l i n g  c lo s e  t o g e t h e r ,  and c e n t e r in g  ab ou t  
0 * 2  t o  0#3 p e r  c e n t  s ta r c h #  At t h i s  tim e th e r e  seem s t o  
be a te n d e n c y  f o r  th e  e a r l i e s t  p ic k in g s  t o  have th e  lo w e s t
s t a r c h  c o n t e n t ,  a lth o u g h  th e  sm a ll am ounts o f  s t a r c h
F ig u r e  37* The w e ig h te d  a v e r a g e  p e r  c e n t  s t a r e  
a t  th e  w e e k ly  h a r v e s t  i n t e r v a l s  and 
th r o u g h o u t th e  s t o r a g e  p e r io d  f o r  t  
G rim es v a r i e t y ,  1934*
F ig u r e  38* The w e ig h te d  a v e r a g e  p e r  c e n t  s t a r e  
a t  th e  w e e k ly  h a r v e s t  i n t e r v a l s  and 
th ro u g h o u t th e  s t o r a g e  p e r io d  f o r  t  
Jon ath an  v a r i e t y ,  1934#
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S a p t . 1 7 , 1931*- 
s a p t .  2 ii, 1931*. 
O ct. 1 , 193*3-
F ig u r e  3 8 .
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p r e s e n t  a t  t h i s  tim e  make I t  d i f f i c u l t  t o  show t h i s  c l e a r l y ,  
and su ch  d i f f e r e n c e s  a s  e x i s t  a re  n o t s i g n i f i c a n t #
I t  i s  a p p a r e n t, t a k in g  th e  s t a r c h  c o n te n t  in  
r e l a t i o n  to  th e  su g a r  c o n te n t  o f  th e  Grimes f r u i t ,  t h a t  
s t a r c h  in v e r s io n  h a s  p r o c ee d e d  more r a p id ly  th a n  c a r b o ­
h y d r a te s  w ere u t i l i z e d  in  r e s p i r a t i o n ,  and th e  in c r d a s e  
in  t o t a l  s u g a r s ,  and r e d u c in g  s u b s ta n c e s  e s p e c i a l l y ,  may 
be a c c o u n te d  f o r  by t h i s  in v e r s io n  o f  s t a r c h .
The s ta r c h  c o n te n t  o f  th e  Jonath an  f r u i t  d u r in g  
th e  h a r v e s t  p e r io d  i s  shown on th e  dry  w e ig h t  b a s i s  In  
f i g #  52 and t a b le  XXIV. At th e  tim e o f  th e  f i r s t  p ic k in g  
th e  s t a r c h  c o n te n t  o f  Jon ath an  was ab ou t one p er  c e n t  
lo w er  th a n  th a t  o f  th e  G rim es, or  around s i x  p e r  c e n t .
The s t a r c h  c o n te n t  o f  th e  Jonathan v a r i e t y  d e c r e a se d  much 
more r a p id ly  d u r in g  th e  h a r v e s t  p e r io d  th an  d id  t h a t  o f  
th e  G rim es. By th e  tim e o f  th e  t h ir d  p ic k in g  i t  had  
dropped o f f  t o  n e a r ly  one per c e n t  and by th e  end o f  th e  
p ic k in g  se a so n  th e  s ta r c h  c o n te n t  was o n ly  0 .2  p e r  c e n t .  
V a r ia t io n  betw een  th e  d i f f e r e n t  s i z e  groups was l e s s  in  
th e  c a s e  o f  th e  Jonathan  th an  w ith  th e  G rim es, p r o b a b ly  
due to  th e  sm a ll am ounts o f  s ta r c h  p r e s e n t  i n  th e  l a t e r  
p ic k in g s .  A g a in , th e r e  was no c o r r e la t io n  b e tw een  th e  
s i z e  grou p s and th e  s t a r c h  c o n te n t .
F ig u r e  58  and t a b l e s  XXV and XXVI show th e  tr e n d  
o f  s t a r c h  d u r in g  th e  s t o r a g e  p e r io d  in  th e  Jon ath an  
v a r i e t y .  As w ith  th e  G rim es, th e r e  was a r a p id  in v e r s io n  
o f  s t a r c h  d u r in g  th e  s to r a g e  p e r io d .  By th e  end o f  th e  
f i r s t  h a l f  o f  th e  s to r a g e  p e r io d  th e  s t a r c h  c o n te n t  o f
a l l  sam p les had f a l l e n  b e lo w  one p er  c e n t ,  and th e  l a t e r  
p ic k in g s ,  w h ic h  w ere v e r y  low  a t  th e  tim e  o f  h a r v e s t ,  had  
d e c r e a se d  t o  o n ly  a t r a c e  o f  s ta r c h *  D u rin g  th e  secon d  
h a l f  o f  th e  s to r a g e  p e r io d  the d e c r e a s e  in  s ta r c h  con­
tin u e d *  Only th e  seco n d  and t h ir d  p ic k in g s  showed any  
s t a r c h  a t  a l l  a t  th e  end o f  t h e  seco n d  h a l f  o f  th e  s to r a g e  
p e r io d ,  and o n ly  a t r a c e  was a p p a ren t in  t h e s e  p ic k in g s *
A l l  o t h e r  sam p les w ere d e v o id  o f  s t a r c h ,  a s  was shown b o th  
by th e  a n a ly s e s  and m ic r o ch em ica l ex a m in a tio n *
N itr o g e n * T o ta l  n i t r o g e n  d e te r m in a t io n s  w ere run  
o f  th e  f l e s h  o f  b o th  th e  Grimes and Jon ath an  v a r i e t i e s *
The r e s u l t s  a r e  shown f o r  th e  Grimes v a r i e t y  in  t a b l e s  
XXI t o  X X III and fo r  th e  Jonath an  v a r ie t y  in  t a b l e s  XXIV 
t o  XXVI*
V a r ia t io n  b etw een  th e  s i z e  groups was a t  t im e s  
r a th e r  h ig h ,  bu t in  g e n e r a l  was n o t e x c e s s iv e *  There was 
no c o r r e l a t io n  b etw een  s i z e  groups and th e  n it r o g e n  c o n te n t  
o f  th e  f r u i t  f l e s h *
W ith  th e  Grim es v a r i e t y  th e  n i t r o g e n  c o n te n t  de­
c r e a se d  d u r in g  th e  f i r s t  fo u r  w eek ly  I n t e r v a l s ,  and th e n  
showed a sharp  r i s e  t o  a h ig h  p o in t  a t  th e  tim e  o f  th e  l a s t  
p ic k in g *  W hile th e  a c t u a l  am ounts o f  n i t r o g e n  p r e s e n t  in  
th e  a p p le  w ere r a th e r  s m a l l ,  0*4 to  0*65 p e r  c e n t ,  th e  
v a r ia t io n  th r o u g h o u t th e  p ic k in g  se a so n  am ounted t o  o v er  
t h i r t y  p er  c e n t  o f  th e  n i t r o g e n  p r e s e n t  a t  th e  f i r s t  and 
l a s t  p ic k in g s *
No e x p la n a t io n  i s  e v id e n t  f o r  th e  a p p a ren t s e a s o n a l  
ch a n g es in  th e  t o t a l  n i t r o g e n  c o n te n t  o f  th e  G rim es, bu t
from  a s tu d y  o f  th e  ch a n g es t a k in g  p la c e  in  s to r a g e  
( t a b l e s  XXII and X X III) i t  w ou ld  seem  t h a t  th e  tr e n d s  
were more a c c id e n t a l  th a n  r e a l ,  fo r  th e  v a r ia t i o n  d u r in g  
th e  s to r a g e  p e r io d  i s  q u i t e  la r g e  in  th e  c a s e  o f  some o f  
th e  sa m p le s , a s  p ic k in g s  f i v e  and s ix *  T h is  w ou ld  in d ic a t e  
a r a th e r  la r g e  v a r ia t i o n  betw een  sam p les w h ic h , u n f o r t u n a t e ly ,  
d id  n o t  a p p ea r  a t  th e  tim e  th e  h a r v e s t  sam p les w ere tak en *  
There c o u ld  be no g a in  in  n i t r o g e n  d u r in g  th e  s to r a g e  
p e r io d ,  and a s  th e  dry w e ig h t  rem ained c o n s ta n t  th rou gh ­
out th e  s to r a g e  p e r io d ,  th e  per c e n t  n i t r o g e n  sh o u ld  
e i t h e r  rem ain th e  sam e, o r  p erh ap s d e c r e a s e  s l i g h t l y  due 
t o  th e  u se  o f  s t o r e d  n i t r o g e n  and i t s  l ib e r a t io n *  W ith in  
l i m i t s  o f  e r r o r  th e  t o t a l  n i t r o g e n  c o n te n t  o f  th e  Grimes 
f l e s h  d id  a v e ra g e  ab ou t th e  sam e, w ith  one or  two e x c e p t ­
io n s *
There was no ap p aren t s e a s o n a l  tr e n d  o f  t o t a l  
n it r o g e n  c o n te n t  in  th e  Jonathan f r u i t  f l e s h  ( t a b le  XXIV) 
a lth o u g h  th e  l a s t  two p ic k in g s  showed a lo w er  n it r o g e n  
c o n te n t  th a n  t h e  p r e v io u s  p ic k in g s *  V a r ia t io n  b e tw een  th e  
s i z e  grou p s was n o t o v e r ly  g r e a t ,  e x c e p t  In  one c a s e ,  
where th e  sm a ll a p p le s  showed a v e r y  h ig h  n i t r o g e n  con­
te n t*  There was no a p p a ren t c o r r e la t io n  b etw een  n i t r o g e n  
c o n te n t  and th e  s i z e  groups* The n it r o g e n  d a ta  d u r in g  
s to r a g e  are  p r e s e n te d  in  t a b l e s  XXV and XXVI, where a g a in  
i t  can  be s e e n  t h a t  th e  v a r ia t io n  b etw een  sam p les i s  
l a t h e r  l a r g e ,  a s  s e v e r a l  o f  th e  sam p les app ear to  l o s e  
o r  g a in  r a th e r  la r g e  am ounts o f  n itr o g e n *  H owever, th e  
g e n e r a l  te n d e n c y  i s  t o  a v e ra g e  ab ou t th e  same amount a s  a t
94.
TABLE VII — Weight Per 100 F r u i t  of C erta in  Chemical C o n s t i tu e n ts  of 
Grimes F r u i t  by Trees and. S ize  Groups a t  the  Weekly 
H arvest I n t e r v a l s ,  1934,
Harvest
Date.









Sugars S ta rch
T otal
N itrogen
26 7&1.5 0 .0 751.2 99 .3 6.03
Medium 2 556.8 288.5 845.3 151.6 7.01
August 23.
26 442.6 112.2 554.8 57.0 4.18
Small 2 507.4 43.6 550.9 9 1 .4 3.79
4 585.3 311. 7 897.0 56.5 4.53
Medium 27 623.7 324.0 947.6 119.5 4 .74
August 30.
4 522.1 255.0 777.1 61.6 3.98
Small 27 548.4 293.5 841.9 4.31
22 673.4 467.5 1140.9 152.2 4.49
Medium 33 728.6 393.6 1122.2 68.1 4.53
September 6.
22 605.0 403.3 1008.3 80.4 3.67
Small 33 559 .4 284.3 843.7 63.03 3.00
19 665.8 675.1 1323.0 106.2 5 .1 4
Large 28 678.3 590.6 1268.9 93.9 5 .16
September 13.
19 710.0 372.6 1082.6 70.1 3.72
Medium 28 567.6 569.8 1137.4 38.3 4.91
Small 19 490.7 443.8 934.5 82.4 3.43
28 573.6 334.4 908.0 86.8 3.51
11 787.0 503.0 1290.0 67.4 6.25
September 20. Large 18 831.4 630.0 1461.4 63.6 6.75
11 558.4 637.8 1196.2 17.7 4.25
Medium 18 653.7 685.8 1339.5 38.8 4.58
30 805.5 410.5 1216.0 80.8 8 .94
Large 20 869.2 532.8 1402.0 109.8 8 .34
September 27.
30 639.5 346.6 986.1 58.7 7.19
Medium 20 678.8 346.8 1025.7 79.4 7.45
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TABLE V III —  W eight Per 100 F r u it  o f  C e r ta in  Chemical C o n s t itu e n ts  o f  Jonathan
F r u it  by T ress and S iz e  Groups a t  th e  W eekly H arvest
I n t e r v a le ,  1 9 3 4 .
H arvest
D ate .





Grams Per 100 F r u it s
R educing
S u b sta n ces S u cro se
T ota l
Sugars S ta rch
T o ta l
N itro g en
8 9 5 6 .9 4 7 .9 1 0 0 4 .8 8 5 .8 6 .1 9
Medium 34 1 0 7 4 .2 2 .6 1 0 7 6 .9 1 5 5 .3 6 .9 8
August 27.
8 7 8 4 .0 0 7 8 4 .0 1 3 4 .6 5 .0 3
Sm all 34 6 3 2 .5 1 9 0 .1 8 2 2 ,6 9 0 .3 4 .6 0
3 9 3 1 .3 4 4 9 .8 1 3 8 1 .6 1 0 1 .7 5 .5 2
Large 16 7 7 1 .9 4 8 3 .6 1 2 5 5 .5 1 1 1 .1 6 .9 9
September 3 . 3 6 8 6 .0 6 5 6 .9 1 3 4 3 .0 7 7 .6 5 .5 8
Med iura 16 7 5 4 .8 2 9 2 .4 1 0 4 7 .3 9 5 .9 4 .8 6
3 7 9 1 .6 2 7 5 .7 1 0 6 7 .3 2 8 .5 5 .9 5
Sm all 16 7 5 4 .5 2 8 3 .9 1 0 3 8 .4 1 0 2 .6
1 1 0 0 8 .0 3 7 5 .2 1 3 5 6 .5 3 2 .5 4 .8 6
Large 11 1 0 2 9 .1 3 5 6 .6 1 3 7 4 .1 3 6 .9 8 .9 9
September 10 . 1 8 8 4 .6 3 0 0 .2 10 8 4 .9 3 9 .0 4 .9 8
Medium 11 8 9 0 .1 3 2 3 .6 1 2 1 3 .8 2 6 .0 5 .0 1
1 7 6 9 .2 2 8 1 .7 1 0 5 0 .9 6 .5 4 .1 2
Sm all 11 8 1 4 .7 3 7 2 .7 1 1 6 5 .8 1 9 .7 6 .5 5
5 1 1 4 1 .4 4 7 7 ,0 1 6 1 8 .4 5 5 ,0 5 .6 4
Large 36 1 1 3 7 .7 5 0 3 .5 1 6 4 1 .2 2 .6 8 .2 2
Septem ber 1 7 . 5 9 5 2 .5 3 9 6 .9 1 3 4 9 .4 2 .2 6 .5 5
Medium 36
p; 9 0 8 .6 4 1 7 .1 1 3 2 5 .7 3 .2 5 .7 3
Sm all 36 8 8 5 .0 2 9 9 .7 1 1 8 4 .7 3 4 .3 5 .1 5
4 9 6 7 .3 6 6 4 .1 1 6 3 1 .3 1 1 .3 4 .7 3
Large 35 1 0 8 9 .2 5 8 3 .7 1 6 7 3 .1 3 .0 4 ,7 8
September 2 4 . 4
Medium 35 9 2 9 ,4 2 8 1 .8 1 2 1 1 .2 6 .4 3 .5 8
4 8 8 9 .9 1 7 3 .1 1063 ,1 2 1 .2 6 .0 3
Sm all 35 8 9 3 .8 3 9 3 .4 12 8 6 .8 1 .5 6 .1 3
22 1 1 8 1 .1 5 6 2 .8 1 7 4 4 .0 3 .3 5 .7 1
Large 32 1 1 5 4 .1 6 1 9 .0 1 7 7 3 .2 7 .9 5 .4 8
)c to b e r  1 .
22 1 0 6 3 .2 3 5 0 .8 141 4 .0 6 .5 5 .0 7
Medium 32 9 2 8 .8 5 1 5 .3 1444 .1 2 .2 3 .6 5
th e  t im e  o f  h a r v e s t ,  and by th e  end o f  th e  s to r a g e  
s e a s o n  a l l  th e  p ic k in g s  ran ged  b etw een  #45 and .5 0  per  
c e n t  n i t r o g e n ,  w h ich  was th e  ap p rox im ate  ran ge  a t  th e  
t im e  o f  h a r v e s t*
From th e  t o t a l  n i t r o g e n  d a ta  i t  i s  a p p a ren t t h a t  
th e r e  a r e  o n ly  v e r y  s l i g h t  c h a n g e s , i f  a n y , in  th e  n i t r o g e n  
c o n te n t  o f  th e  a p p le  f r u i t  f l e s h  e i t h e r  d u r in g  th e  m atura­
t i o n  p e r io d ,  or  d u r in g  s to r a g e *  B oth  v a r i e t i e s  seem  t o  
v a r y  around th e  0 .4 5  p e r  c e n t  n i t r o g e n  p o in t ,  and t o  
m a in ta in  t h i s  a v e ra g e  th r o u g h o u t th e  p e r io d  s t u d ie d .
DISCUSSION
The problem  o u t l in e d  a t  th e  b e g in n in g  o f  t h i s  
i n v e s t i g a t i o n  was to  s tu d y  th e  p h y s i c a l  and c h e m ic a l  
ch an ges o c c u r r in g  in  th e  a p p le  f r u i t  a s  m a tu r ity  a p p ro a ch es  
and t o  a ttem p t t o  c o r r e la t e  t h e s e  ch a n g e s  w ith  th e  q u a l i t y  
o f  th e  f r u i t  a f t e r  a s to r a g e  p e r io d .  I t  i s  o n ly  by a more 
com p lete  -u n d erstan d in g  o f  th e  ch an ges o c c u r r in g  i n  th e  
f r u i t  d u r in g  th e  m a tu r a t io n  p r o c e s s ,  and th e  r e c o g n i t io n  
o f  t h a t  tim e o f  h a r v e s t  a f t e r  w h ich  th e  f r u i t  w i l l  d e v e lo p  
i t s  c h a r a c t e r i s t i c  q u a l i t y  th a t  we may s o lv e  th e  problem  
o f  when a f r u i t  becom es m a tu re .
From c e r t a i n  ch an ges w h ich  hgve been  s t u d ie d  In  
t h i s  p a p e r , we may draw c e r t a i n  c o n c lu s io n s  a s  t o  th e  
n a tu re  o f  th e s e  ch a n g es  and to  a c e r t a in  e x t e n t ,  fu r n is h  
b e t t e r  b a s e s  f o r  p ic k in g  recom m en d ation s. The p r e s s u r e  
t e s t  d a t a ,w it h  th e  f r u i t  o f  b o th  Grimes and J o n a th a n , show 
a c h a r a c t e r i s t i c  d e c r e a s e  In  v a lu e  th ro u g h o u t th e  m a tu r a tio n  
p e r i o d ,  p a r t  o f  w h ich  i s  u n d ou b ted ly< tae  .to  grow th o f  th e
f r u i t *  T h is  i s  in  g e n e r a l  agreem ent w ith  th e  work o f  
M agness and h i s  c o -w o r k e r s  ( 5 4 ) ,  P la g g e , M aney, and 
G erhardt ( 7 2 ) ,  and o t h e r s ,  a lth o u g h  th e  ch an ges n o te d  
in  t h i s  i n v e s t i g a t i o n  w ere l e s s  v a r ia b le  th a n  r e p o r te d  
b y  th e s e  in v e s t i g a t o r s *  T h is  may be due to  th e  la r g e r  
sam p les u se d  in  t h i s  i n v e s t i g a t i o n ,  th e  more s t r i c t  
c l a s s i f i c a t i o n  o f  m a t e r i a l ,  o r , a s seem s p r o b a b le , a 
co m b in a tio n  o f  th e s e  f a c t o r s  p lu s  th e  f a c t  th a t  p r e s s u r e  
t e s t  d a ta  on random sam p les was a v e ra g e d  b y  th e  m ethod  
o f  w e ig h te d  a v e r a g e s ,  on  th e  b a s i s  o f  r a th e r  la r g e  
sam p les from  e a ch  t r e e *  That th e  ch an ges w ere se ld om  
s i g n i f i c a n t  on a w e ek ly  b a s i s ,  l e t  a lo n e  a d a i l y  b a s i s ,  
s u b s t a n t ia t e s  th e  c o n c lu s io n s  o f  o th e r  i n v e s t i g a t o r s  
t h a t  th e  p r e s s u r e  t e s t  i s  t o  be u se d  w ith  c a u t io n  in  
d e te r m in in g  f r u i t  m a tu r ity *  A com p arison  o f  th e  p r e s s u r e  
t e s t  on th e  same v a r i e t y  from  th e  seme o r  v e r y  s im i la r  
t r e e s  in  d i f f e r e n t  y e a r s ,  shows t h a t  c l i m a t ic  and o th e r  
f a c t o r s  may m ark ed ly  in f lu e n c e  th e  p r e s s u r e  t e s t *  For  
t h e s e  r e a s o n s  i t  w ould  seem  t h a t  th e  p r e s s u r e  t e s t  i s  
a v e r y  u n r e l ia b le  in d ic a t o r  o f  f r u i t  m a tu r ity ,  and  
sh o u ld  n o t  be u se d  a s  an  in d e x  e x c e p t  in  th e  c a p a c ity  
s u g g e s te d  by M agness ( 5 0 ) ,  a s  an in d ic a t o r  o f  s to r a g e  
p o t e n t i a l i t i e s ,  and a s  an a d ju n c t  t o  o th e r  m ethods o f  
d e te r m in in g  m a tu r ity *
In  s to r a g e  s t u d ie s  th e  p r e ssu r e  t e s t  a g a in  showed  
a s im i la r  tr e n d  to  t h a t  found by m ost o th e r  w orkers*  In  
t h i s  i n v e s t i g a t i o n  th e  p r e s su r e  t e s t  v a lu e s  o f  Grimes 
dropped d u r in g  th e  s to r a g e  p e r io d , w h ereas P la g g e ,
G er h a r d t, and Maney (7 2 )  f a i l e d  to  f in d  any d e c r e a s e  
in  th e  p r e s s u r e  t e s t  o f  Grimes in  t h e i r  s to r a g e  i n v e s t i ­
g a t io n s *  The r e s u l t s  in d ic a t e d  t h a t  th e  change in  p r e s s u r e  
t e s t  d u r in g  s to r a g e  was r a th e r  c o n s ta n t  f o r  a l l  p i c k in g s ,  
e x c e p t  t h a t  th e  r a te  o f  d e c r e a s e  w as g r e a t e r  f o r  th e  e a r ly  
p i c k i n g s ,  w h ich  had a h ig h  p r e s s u r e  t e s t  a t  th e  tim e  o f  
h a r v e s t*  In  g e n e r a l ,  h o w ev e r , th e  v a r io u s  p ic k in g s  k e p t  
t h e i r  r e s p e c t i v e  rank th r o u g h o u t th e  s to r a g e  p e r io d ,  
a lth o u g h  th e  v a r i a b i l i t y  b etw een  p ic k in g s  was much 
sm a lle r  a t  th e  end o f  th e  s to r a g e  se a so n  th a n  b etw een  
th e  p ic k in g s  a t  th e  tim e  o f  h a r v e s t*  A s tu d y  o f  th e  r a te  
o f  d e c r e a s e  o f  th e  p r e s s u r e  t e s t  In  s to r a g e  shows t h a t  
f o r  th e  Grim es v a r i e t y ,  th e  m id -se a so n  p ic k in g s  showed  
th e  lo w e s t  r a te  o f  c h a n g e , th e  e a r l i e s t  p ic k in g s  th e  
h i g h e s t ,  and th e  l a t e  p ic k in g s  w ere in te r m e d ia te *  T h is  
w ould  s u g g e s t  t h a t  th e  m id -se a so n  p ic k in g s  w ere th e  b e s t  
from  th e  s to r a g e  s t a n d p o in t ,  and c o u ld  be e x p e c te d  t o  have  
a lo n g e r  s to r a g e  l i f e *  As th e  f r u i t  was n o t  l e f t  in  
s to r a g e  u n t i l  p h y s i o l o g ic a l  breakdown had become common 
t h i s  e x p e c t a t io n  was n o t  c h e c k e d , bu t th e  i n d ic a t io n s  
from  o b s e r v a t io n  and th e  d a ta  on s h r i v e l l i n g  in  s to r a g e  
w ould s u g g e s t  t h i s  t o  be th e  Case*
As no d i f f e r e n c e s  in  th e  e d ib le  q u a l i t y  o f  
Grim es f r u i t  p ic k e d  a t  v a r io u s  t im e s  were n o te d , th e  
q u e s t io n  o f  h a r v e s t in g  Grimes seem s t o  r e v o lv e  around  
i t s  a b i l i t y  to  s ta n d  up in  s to r a g e  w ith o u t  s h r i v e l l i n g  
o r  d e v e lo p in g  p h y s i o l o g ic a l  d i s e a s e s  a s s o c ia t e d  w ith  
s to r a g e *
The Jon ath an  f r u i t  showed a c o r r e l a t io n  b etw een  
th e  r a te  o f  s o f t e n in g  and th e  tim e  o f  p ic k in g  th ro u g h o u t  
th e  s to r a g e  s e a s o n , th e  e a r l i e r  p ic k e d  f r u i t  h a v in g  th e  
h ig h e s t  r a t e  o f  d e c r e a s e  o f  th e  p r e s s u r e  t e s t #  As in  th e  
c a s e  o f  th e  G rim es, low  r a t e  o f  d e c r e a se  o f  th e  p r e s s u r e  
t e s t  may b e a s s o c ia t e d  w ith  le n g t h  o f  s to r a g e  l i f e #  How­
e v e r ,  due to  th e  v a r i a b i l i t y  o f  th e  p r e s s u r e  t e s t  b etw een  
y e a r s ,  no recom m end ation s can  be made a s  to  th e  b e s t  tim e  
o f  h a r v e s t  f o r  s to r a g e  p u rp o ses#  The e a r l i e s t  p o s s i b l e  
p ic k in g  d a te  a f t e r  w h ich  th e  f r u i t  may be e x p e c te d  t o  
d e v e lo p  good q u a l i t y  in  s to r a g e  c o u ld  n o t  be d e ter m in e d  
by th e  p r e s s u r e  t e s t #
The u s e  o f  th e  e l e c t r i c a l  m a tu r ity  t e s t e r  a s  an  
in d e x  o f  m a tu r ity  seem s to  be o f  l e s s  v a lu e  th a n  th e  
p r e s s u r e  t e s t .  The v a r i a b i l i t y  o f  th e  r e a d in g s  was 
g r e a te r  th a n  w ith  th e  p r e s s u r e  t e s t ,  a lth o u g h  th e  
d i f f e r e n c e s  n o te d  w ere o f  th e  same o r d e r . I t  i s  now 
ap p aren t th a t  t h i s  in s tr u m e n t o f f e r s  l i t t l e  a s  an in d e x  
f o r  m a tu r ity  f o r  a p p le s ,  a lth o u g h  i t  seem ed p r o m is in g  in  
1935# In  th e  c a se  o f  th e  Grimes f r u i t  a d e f i n i t e  tr e n d  
in  t h e  r e a d in g s  o b ta in e d  w ith  t h i s  in s tr u m e n t showed no  
b rea k  w h ich  c o u ld  be a t t r ib u t e d  to  a change in  th e  p h y s io ­
l o g i c a l  c o n d it io n  o f th e  f r u i t ,  w h ile  w ith  th e  Jonathan  
v a r ie t y  l i t t l e  or no change was n o te d  o v e r  th e  p e r io d  
c o v e r e d  by th e  h a r v e s t  i n v e s t i g a t io n s #  The in s tr u m e n t  
u s u a l l y  showed lo w e r  r e a d in g s  a f t e r  th e  s to r a g e  p e r io d s ,  
b u t th e  d i f f e r e n c e s  were n o t  g r e a t ,  and w ere n o t s i g n i ­
f i c a n t #  E a r ly  s e a so n  t e s t s  w ith  th e  e l e c t r i c  m a tu r ity
t e s t e r  in  1935  w ith  b o th  Grimes and Jonathan  showed a 
d e f i n i t e  downward tr e n d  in  th e  r e a d in g s ,  b u t t h i s  
l e v e l e d  o f f  in  th e  Case o f  th e  Jon ath an  and d e c r e a se d
g r e a t l y  w ith  th e  Grimes b e fo r e  th e  tim e  th e  f r u i t  was
n e a r in g  m a t u r i ty .  As w ith  th e  p r e s su r e  t e s t e r ,  w h ich  
g iv e s  good r e s u l t s  w ith  p e a r s ,  th e  e l e c t r i c  m a tu r ity  
t e s t e r  h a s  f a i l e d  to  show s i g n i f i c a n t  ch an ges i n  th e  
a p p le  f r u i t  w ith  th e  app roach  o f  m a tu r ity .
■Whereas M agn ess, D ie h l ,  and H a lle r  (5 3 )  recommend 
t h a t  ground c o lo r  o f  Grimes be a llo w e d  t o  r ea c h  th e  th r e e  
p o in t  on t h e i r  c o lo r  c h a r t  b e fo r e  th e  f r u i t  i s  h a r v e s t e d ,  
t h a t  s ta g e  w as n o t  reach ed  in  e i t h e r  o f  th e  two y e a r s  o f
t h i s  i n v e s t i g a t i o n  a s  lo n g  a s  th e  f r u i t  was on th e  t r e e ,
e x c e p t  in  th e  ca se  o f  th e  d e v i t a l i z e d  O lney o r ch a rd , 
w here th e  f r u i t  reach ed  t h i s  s t a g e  c o m p a r a tiv e ly  e a r ly  
in  th e  s e a s o n . O ther o b s e r v a t io n s  on Grimes on v ig o r o u s  
t r e e s  s u b s t a n t ia t e  t h i s  o b s e r v a t io n , and in  m ost y e a r s  on  
su ch  t r e e s  th e  ground c o lo r  o f  Grimes f r u i t  w i l l  n e v e r  
re a c h  t h i s  s ta g e  on th e  t r e e  under M aryland c o n d it io n s #  
F u r th e r , th e  s lo w  r a te  o f  change in  t h i s  in d ex  in d ic a t e s  
t h a t  ground c o lo r  change i s  o f  l i t t l e  v a lu e  in  d e te r m in in g  
p ic k in g  m a tu r ity  o f  G rim es.
The red  c o lo r  ch a n g es o f  th e  Jonathan v a r ie t y ,  a s  
d eter m in e d  in  t h i s  w ork, w ere much more c l o s e l y  a s s o c ia t e d  
w ith  th e  p ic k in g  m a tu r ity  o f  th e  f r u i t  th an  th e  ground  
c o lo r  ch an ges o f  th e  Grim es f r u i t #  In  1934 c l im a t ic  con­
d i t i o n s  w ere su c h  a s  to  c a u se  a r e l a t i v e l y  l a t e  and r a p id  
d evelop m en t o f  th e  r ed  c o lo r  o f  th e  f r u i t ,  w h ile  in  1935
th e  r e d  c o lo r  ch a n g es w ere v e r y  g ra d u a l th ro u g h o u t th e  
s i x  w eek s c o v e r e d  h y  th e  i n v e s t i g a t i o n .  T h is  s i x  w eeks  
p e r io d  o f  t im e  c o v e r e d  r a th e r  c o m p le te ly  th e  e n t i r e  p e r io d  
o f  c o lo r  d eve lop m en t i n  b o th  y e a r s ,  I h i t e h o u s e  (8 1 ) i n d i ­
c a te d  t h a t  red  c o lo r  d e v e lo p e d  r a th e r  l a t e  in  th e  s e a so n  
i n  m ost c a s e s ,  b u t th e  r e s u l t s  o f  1935  do n o t s u b s t a n t ia t e  
t h i s  v ie w . T hat i t  may d e v e lo p  d u r in g  an e a r l i e r  p e r io d  
i f  c l i m a t ic  c o n d it io n s  fa v o r  t h i s  ty p e  o f  ch a n g e , i s  in d i ­
c a t e d ,  F le t c h e r  (2 9 )  a s s o c ia t e d  a h ig h  r e d u c in g  su gar  
c o n te n t  w ith  in c r e a s e d  r ed  c o lo r ,  b u t w h ile  th e  r e d u c in g  
su g a r  c o n te n t  o f  th e  1934 se a so n  in c r e a s e d  s l i g h t l y  th rou gh ­
o u t  t h i s  p e r io d ,  i t  c o u ld  n o t  be c o r r e la t e d  w ith  red  c o lo r  
d e v e lo p m e n t, M a rsh a ll and Vtfaldo (5 7 ) seem t o  th in k  t h a t  
r e d  c o lo r  d evelop m en t i s  a v e r y  poor in d e x  o f  m a tu r ity  
u n d e r  M ich igan  c o n d i t i o n s .  H owever, th e  r e s u l t s  o f  t h i s  
i n v e s t i g a t i o n  in d ic a t e  t h a t  a t  l e a s t  t w e n t y - f iv e  p e r  c e n t  
o f  th e  s u r fa c e  o f  th e  a v e ra g e  Jonathan f r u i t  sh o u ld  be  
c o v e r e d  w ith  r ed  c o lo r  b e fo r e  th e y  a r e  p ic k e d . T h is  perw 
c e n ta g e  sh o u ld  be b a sed  on a random sam ple o f  f r u i t  from  
a l l  p a r t s  o f  th e  t r e e ,  and s e v e r a l  t r e e s  in  th e  orch ard  
sh o u ld  be c o n s id e r e d  i n  m aking a g e n e r a l p ic k in g  recom­
m en d ation  f o r  th e  o r c h a r d . The e x c e l l e n t  c o r r e la t io n  o f  
p ic k in g  m a tu r ity  and r e d  c o lo r  d evelop m en t was a ff ir m e d  
by th e  q u a l i t y  th e  f r u i t  o b ta in e d  in  s t o r a g e .  In  b o th  
y e a r s  th e  p ic k in g s  made p r e v io u s  to  th e  tim e th a t  th e  f r u i t  
became a t  l e a s t  t w e n t y - f iv e  p er  c e n t  c o v ered  w ith  red  c o lo r  
f a i l e d  to  d e v e lo p  good e d ib le  q u a l i t y  in  s t o r a g e ,  w hereas  
a f t e r  t h i s  p o in t  had b een  rea ch ed  th e  f r u i t  d e v e lo p ed  good
q u a l i t y  c h a r a c t e r i s t i c  o f  th e  v a r i e t y .  In  1955 t h i s  
s t a g e  was r e a c h e d  a t  th e  t im e  o f  th e  t h ir d  w eek ly  
p ic k in g ,  a lth o u g h  b a r e ly  s o .  l 'h is  p ic k in g  d e v e lo p e d  
f a i r l y  good q u a l i t y  in  s t o r a g e ,  bu t n o t  a s  good a s  th e  
p ic k in g s  made a t  a l a t e r  d a t e .  T h is  in d e x , e s p e c i a l l y  
when reg a rd ed  w ith  some o f th e  r e s u l t s  o f  th e  c h e m ic a l  
a n a l y s i s ,  was a d eq u a te  in  th e  two y e a r s  o f  t h i s  i n v e s t i ­
g a t io n ,  and under th e  c l i m a t ic  and c u l t u r a l  c o n d i t io n s  
under w h ich  th e  f r u i t  was grow n. W hile f u r t h e r  t e s t s  
under more w id e ly  v a r y in g  c o n d it io n s  may p ro v e  th e  
c o lo r  in d e x  to  be in a d e q u a te  a s  a g e n e r a l m easure o f  
th e  p ic k in g  m a tu r ity  o f  th e  Jon ath an  v a r i e t y  t h e s e  
t e s t s  in d ic a t e  i t  i s  a t  l e a s t  f e a s i b l e  u n d er  a l i m i t e d  
range o f  c o n d i t i o n s .  W ith c e r t a i n  e x c e p t io n s  th e  c h e m ic a l  
a n a ly s e s  f a l l  c l o s e l y  i n  l i n e  w it h  th e  r e s u l t s  o f  B ig e lo w ,  
G ore, and Howard ( 1 0 ) ,  P la g g e , M aney, and G erhardt ( 7 2 ) ,  
M agness and D ie h l  ( 5 2 ) ,  and o t h e r s .  In  t h i s  w ork, th e  
d ry  w e ig h t  was fou n d  t o  v a ry  c o n s id e r a b ly ,  b u t a lw a y s  
i n  in v e r s e  p r o p o r t io n  to  th e  r a i n f a l l  in  th e  few  d a y s  
p r e c e d in g  th e  h a r v e s t .  B ig e lo w , G ore, and Howard ( 1 0 ) ,  
N e l le r  and O verlay  ( 6 3 ) ,  and B u rrou gh s, showed t h a t  in  th e  
f r u i t  th e y  s t u d ie d  th e  dry w e ig h t  in c r e a s e d  s l i g h t l y  
th r o u g h o u t th e  g ro w in g  s e a s o n , b u t any su ch  tr e n d  in  th e  
p r e s e n t  work was o b scu red  by th e  v a r ia t io n  c a u sed  by r a in ­
f a l l  d u r in g  th e  tim e  o f  th e  i n v e s t i g a t i o n .  The Grim es 
v a r ie t y  ran  s l i g h t l y  h ig h e r  in  dry w e ig h t  th a n  th e  
J on ath an  v a r i e t y ,  but b o th  showed th e  r e l a t i o n  o f  dry  
w e ig h t  to  r a i n f a l l .  I t  i s  p o s s i b l e  t h a t  th e  h ig h e r
p e r c e n ta g e  s t a r c h  in  Grim es a t  th e  tim e  or h a r v e s t  
a c c o u n ts  f o r  a good sh a re  o f  t h i s  d i f f e r e n c e  in  dry  
w e ig h t ,  a s  o th e r  f r a c t i o n s  were ab ou t th e  same f o r  th e  
two v a r i e t i e s .
D u rin g  th e  s to r a g e  p e r io d  th e  d ry  w e ig h t  rem ained  
p r a c t i c a l l y  c o n s ta n t  in  b o th  th e  Grimes and Jonathan  
v a r i e t i e s .  Those h a v in g  a h ig h  dry w e ig h t  a t  th e  tim e  
o f  h a r v e s t  m a in ta in e d  t h i s  l e v e l  th ro u g h o u t th e  s to r a g e  
s e a s o n .
The r e d u c in g  su g a r  c o n te n t  o f  b o th  th e  Grim es and 
Jon ath an  sam p les v a r ie d  c o n s id e r a b ly  d u r in g  th e  h a r v e s t  
p e r io d ,  and w ith  th e  Grimes v a r ie t y  th e s e  v a r ia t io n s  
were a s s o c ia t e d  w ith  r a i n f a l l  i n  th e  few  d ays p r e c e d in g  
th e  h a r v e s t  tim e*  In  th e  ca se  o f  th e  Jonath an  v a r i e t y ,  
h o w ev er , t h i s  c o r r e l a t io n  was n o t  show n. T h is  may be 
in t e r p r e t e d  a s  a d i f f e r e n c e  in  th e  r e l a t i o n  o f  s o lu b le  
c a r b o h y d r a te s  in  th e  two v a r i e t i e s  w hich  may be a f f e c t e d  
d i f f e r e n t l y  by an in c r e a s e d  h y d r a t io n  o f  th e  c e l l s .  The 
grow th  r a te  o f  b o th  v a r i e t i e s  seem ed n o rm a l, and th e r e  
w ere no in d ic a t io n s  th a t  w a te r  was l im i t e d  d u r in g  t h i s  
p e r io d .  I f  th e  v a r ia t io n s  in  r e d u c in g  su g a r s  a p p a r e n t ly  
a s s o c i a t e d  w ith  r a i n f a l l  a re  ta k e n  in t o  a c c o u n t th e r e  
seem s to  be a s l i g h t  in c r e a s e  In  th e  amount o f  r e d u c in g  
su g a r s  p r e s e n t  in  th e  f r u i t  a s  m a tu r ity  p r o c e e d s .
The s u c r o s e  c o n te n t  o f  b o th  th e  Grim es and Jonath an  
v a r ie t y  was v e r y  low  a t  th e  tim e o f  th e  f i r s t  h a r v e s t  o f  
e a c h  v a r i e t y .  By th e  secon d  week t h i s  had in c r e a s e d  
g r e a t ly  in  ea ch  v a r i e t y ,  and a f t e r  t h a t  tim e  th e r e  was a
g r a d u a l in c r e a s e  in  s u c r o s e  u n t i l  th e  l a s t  h a r v e s t  d a te ,  
when i t  dropped o f f  in  b o th  th e  Grimes and th e  Jonathan  
v a r i e t i e s *  ^ i t h  th e  Grimes v a r ie t y  b o th  r ed u c in g  su g a r s  
and s t a r c h  showed an in c r e a s e  in  t h i s  l a s t  h a r v e s t ,  and  
t h e s e  c o n c u r r in g  ch an ges in  th e  o th e r  ca rh o h y d ra te  
f r a c t i o n s  s u g g e s t s  a s h i f t  i n  th e  ca rb o h y d ra te  e q u i l i ­
brium  in  th e  f r u i t .  T here was no a p p a ren t c a u se  f o r  su ch  
a s h i f t  u n le s s  i t  was c a u sed  by h ig h  minimum and maximum 
te m p e r a tu r e s  in  th e  few  days p r e c e d in g  th e  h a r v e s t .  As 
no marked c o r r e l a t io n  b etw een  th e  ca rh o h y d ra te  e q u il ib r iu m  
and tem p er a tu r e  h as e v e r  b een  d em o n stra ted  f o r  th e  a p p le ,  
t h i s  i s ,  o f  c o u r s e ,  t h e o r e t i c a l .  I t  i s  d i f f i c u l t  t o  se e  
how su ch  r e l a t i v e l y  sm a ll ch an ges i n  tem p era tu re  c o u ld  
have su ch  an e f f e c t .
W ith th e  Jon ath an  v a r ie t y  th e  d e c r e a s e  in  s u c r o s e  
n o te d  i n  th e  l a s t  p ic k in g  i s  r e f l e c t e d  by  a r i s e  in  th e  
r e d u c in g  su g a r  c o n t e n t .  The s ta r c h  was n e a r ly  a l l  
h y d r o ly z e d  by t h i s  t im e ,  and th e r e  I s  no s h i f t  in  th e  
tr e n d  o f  th e  s ta r c h  c h a n g e s , i n d ic a t in g  a s h i f t  o n ly  
tow ard th e  s im p le r  s u g a r s .  There I s  no a p p a ren t c o r r e ­
l a t i o n  w ith  tem p er a tu r e  in  t h i s  s h i f t *
W hile th e r e  w ere r a th e r  la r g e  and c h a r a c t e r i s t i c  
ch an ges in  th e  s u c r o s e  c o n te n t  o f  b o th  v a r i e t i e s ,  t h e s e  
ch a n g es a r e  n o t w e l l  c o r r e la t e d  w ith  ap p roach  o f  m a tu r ity .  
In  e a ch  c a s e  a lth o u g h  th e r e  was a r a th e r  marked in c r e a s e  
a few  w eeks p r e c e d in g  th e  tim e  th e  f r u i t  rea ch ed  m a t u r i ty ,  
th e  c h a n g es  d u r in g  th e  m a tu r a tio n  p e r io d  w ere n o t  s u f f i ­
c i e n t  t o  be  o f  v a lu e  a s  a p ic k in g  in d e x . In  b o th  v a r ie ­
t i e s  th e r e  was a d e f i n i t e  upward tre n d  in  su c r o se  u n t i l  
th e  l a s t  p ic k in g ,  a t  w h ich  tim e th e  su c r o se  c o n te n t  
dropped o f f .  The v a lu e  o f th e  ch an ges in  su c r o se  n o te d  a s  
a m a tu r ity  in d e x  a p p a r e n t ly  l i e  in  i t s  u s e  a s  an in d ic a t o r  
o f  a p p r o a c h in g  m a tu r ity ,  b a sed  on th e  i n i t i a l ,  la r g e  in ­
c r e a s e  in  s u c r o s e  n o te d  in  th e  secon d  p ic k in g *  The v a lu e  
o f  such, an in d e x  i s  s l i g h t ,  h ow ever.
The r e s u l t s  o f  th e  s to r a g e  s t u d ie s  are somewhat 
d i f f e r e n t  th a n  th o s e  r e p o r te d  by B ig e lo w , Gore and  
Howard ( 1 0 ) .  In  t h e i r  s to r a g e  s t u d ie s  th e  su c r o se  cor>- 
t e n t  c o n t in u e d  to  in c r e a se  i n  s to r a g e  u n t i l  a l l  s t a r c h  
was h y d r o ly z e d , when th e  su c r o se  c o n te n t  f e l l  o f f  r a p id ly ,  
and th e  r e d u c in g  su g a r  c o n te n t  r o se  p r o p o r t io n a t e ly .  How­
e v e r ,  In  t h e s e  I n v e s t ig a t io n s  th e  su c r o se  c o n te n t  ten d ed  to  
come to  a c o n s ta n t  v a lu e ,  w h atever  th e  p ic k in g  d a t e .  I t  
may be th a t  th e  s to r a g e  p e r io d  o f  th e  f r u i t  was n o t pro­
lo n g e d  s u f f i c i e n t l y  to  show th e  d e c r e a se  in  su c r o se  con­
t e n t  n o te d  by  th e  above a u th o r s , f o r ,  In  th e  c a se  o f  the  
G rim es v a r i e t y ,  th e r e  w ere s t i l l  t r a c e s  o f  s t a r c h  p r e s e n t  
I n  m ost o f  th e  sam p les a t  th e  end o f  th e  s to r a g e  p e r io d .  
T h is  i s  p ro b a b ly  th e  c a s e ,  a s  t h e ir  i n v e s t i g a t io n s  were 
c a r r ie d  c o n s id e r a b ly  f u r t h e r  in  tim e th an  th e  p r e s e n t .
They c o n tin u e d  m ost o f  t h e i r  s to r a g e  i n v e s t i g a t i o n  up to  
March o r  -a p r i l ,  a s  th e  v a r i e t i e s  th e y  u sed  had a c o n s id e r ­
a b ly  lo n g e r  s to r a g e  l i f e  th an  Grimes or  J o n a th a n .
As s t a t e d  a b o v e , th e  su c r o se  c o n te n t  o f  the Grimes 
and Jon ath an  ten d e d  t o  r i s e  to  a c o n s ta n t  v a lu e  a t  b o th  
o f  th e  s to r a g e  sam ple d a t e s ,  a lth o u g h  th e  v a r i a b i l i t y  was
much, g r e a t e r  a t  th e  tim e  th e  f i r s t  s to r a g e  sam ple was 
ta k en *  By th e  end o f  th e  s to r a g e  se a so n  a l l  p ic k in g s  
f e l l  c l o s e  t o  th e  s i x t e e n  p er  c e n t  p o in t  f o r  th e  Jona­
th a n  v a r i e t y  and a v e ra g e d  about tw e n ty - th r e e  p er  c e n t  
f o r  G rim es* T h is  tr e n d  in  s u c r o s e  c o n te n t  r e s u l t e d  in  
a marked in c r e a s e  in  su c r o se  in  th e  f i r s t  sam ple h a r v e s t ­
e d , and a s m a lle r  in c r e a s e  o r  d e c r e a s e  in  s u c c e s s iv e  
sam ples*  In  th e  work o f  P la g g e , G erh a rd t, and Maney 
( 7 2 ) ,  i t  was fo u n d  t h a t  a f t e r  a tw o w eek s d e la y  in  
s t o r in g  Grim es f r u i t  th e r e  was a te n d e n c y  fo r  a l l  l o t s ,  
I r r e s p e c t iv e  o f  p ic k in g  d a te  t o  come to  th e  f i f t y - e i g h t  
p e r  c e n t  t o t a l  su g a r  c o n te n t  p o in t .  As v a r ia t i o n s  in  
s u c r o se  a c c o u n t f o r  a c o n s id e r a b le  p o r t io n  o f  th e  v a r ia ­
t i o n  i n  t o t a l  s u g a r s ,  i t  w ou ld  seem th a t  th e  Grimes 
v a r ie t y  showed t h i s  same ten d e n c y  t o  come t o  a d e f i n i t e  
s u c r o s e  e q u il ib r iu m  un d er t h e i r  c o n d it io n s  a ls o *
As h a s b een  p o in te d  o u t w ith  r e d u c in g  s u g a r s ,  
th e r e  was a s l i g h t  in c r e a s e  d u r in g  th e  h a r v e s t  p e r io d  
In  a l l  sam p les in  s to r a g e *  T h e r e fo r e , a s  th e  r e d u c in g  
su g a r s  behaved  r e g u la r ly  In  a l l  c a s e s ,  th e  t o t a l  su gar  
c u r v e s  te n d  to  r e p e a t  th e  s u c r o s e  c u r v es*  The f i r s t  
h a r v e s t  was r e l a t i v e l y  lo w , and th e r e  was a s l i g h t  in ­
c r e a s e  i n  t o t a l  su g a rs  d u r in g  th e  l a s t  f i v e  p ic k in g s  w ith  
b o th  Grim es and J o n a th a n . In  s to r a g e  th e  t o t a l  su gar con­
t e n t  ten d e d  to  come t o  a d e f i n i t e  p e r c e n ta g e  in  b o th  
v a r i e t i e s ,  t h i s  b e in g  s ix t y - t w o  p e r  c e n t  f o r  th e  Grim es 
and ab ou t s e v e n ty  per c e n t  f o r  th e  Jonathan* T'or th e  m ost  
p a r t  t h i s  i s  m e r e ly  a r e f l e c t i o n  o f  th e  s u c r o s e  v a lu e s*
T here i s  a lw a y s  a v e r y  d i r e c t  r e l a t i o n  b etw een  
th e  v a r io u s  c a r h o h y d r a te  f r a c t io n s *  ^n in c r e a s e  in  
s t a r c h  i s  accom pan ied  b y  a d e c r e a s e  in  th e  s o lu b le  carb o ­
h y d r a te  fo r m s , o r  a d e c r e a se  i n  s u c r o s e  i s  r e f l e c t e d  in  
an in c r e a s e  in  r e d u c in g  su g a rs*  O th er i n v e s t i g a t o r s  
have fe lso  fou n d  t h i s  t o  be tr u e *  In  th e  Grim es v a r i e t y  
th e  r e s u l t s  o b ta in e d  may be in t e r p r e t e d  e a s i l y  on t h i s  
b a s is *  The s t a r c h  rem a in in g  i n  th e  f r u i t  was r a p id ly  
h y d r o ly z e d  a f t e r  th e  f r u i t  w as s to r e d *  T h is  r e s u l t e d  
in  a la r g e  in c r e a s e  in  su c r o se  in  th e  sa m p les h a r v e s te d  
e a r ly  i n  th e  s e a s o n , when th e  s t a r c h  c o n te n t  was h ig h ,  
and a s m a l le r  in c r e a s e  i n  s u c c e s s iv e  sam p les*  The 
g e n e r a l l e v e l  o f  a l l  s o lu b le  ca rb o h y d ra te  compounds in ­
c r e a se d  in  s to r a g e *  W ith th e  e s ta b l is h m e n t  o f  new con­
d i t i o n s  a t  s to r a g e  te m p e r a tu r e s , and w ith  th e  a g in g  o f  th e  
f r u i t ,  th e r e  was a g r a d u a l l o s s  i n  s t a r c h  th r o u g h o u t th e  
r e s t  o f  th e  s to r a g e  p e r io d ,  a c c o u n te d  f o r  by a s l i g h t  
s h i f t  in  th e  ca rb o h y d r a te  r e l a t i o n s  t o  a h ig h e r  c o n te n t  
o f  th e  more s o lu b le  fo r m s , and th rou gh  l o s s  in  r e s p i r a t i o n  
T h is  r e s p i r a t i o n  l o s s ,  under th e  c o ld  s to r a g e  c o n d i t i o n s ,  
i s  n o t  v e r y  l a r g e ,  a s  compared t o  t h a t  a t  h ig h  tem p era tu re  
w hich  i s  b ro u g h t o u t by th e  r e s p ir a t io n  s t u d ie s  o f  v a r io u s  
in v e s t ig a t o r s *
The Jon ath an  v a r i e t y  shows s im i la r  ch an ges in  
c a rb o h y d r a te  r e la t io n s *  W h ile , In  t h i s  c a s e  th e  g e n e r a l  
s ta r c h  l e v e l  was c o n s id e r a b ly  l e s s  a t  any g iv e n  s ta g e  
th a n  f o r  th e  Grim es v a r i e t y ,  e x c e p t  f o r  th e  f i r s t  p ic k in g ,  
th e  tr e n d  was much th e  same* In  th e  l a t e r  p ic k in g s  th e
s t a r c h  p e r c e n ta g e  had rea ch ed  a v e r y  low  v a lu e  a t  th e  
tim e  o f  h arvest®  However* ev en  so th e r e  was some s ta r c h  
s t i l l  p r e s e n t  i n  a l l  sam p les a t  th e  tim e o f  th e  f i r s t  
s to r a g e  sample® ^ i t h  th e  e a r ly  p ic k in g s  th e  d e c r e a se  
had b e e n  v e r y  la r g e *  f o r  in  a l l  c a s e s  th e  s ta r c h  c o n te n t  
was v e r y  lo w  b y  th e  tim e  th e  f i r s t  s to r a g e  sam ple was 
taken® I t  I s  p r o b a b le  th a t  t h i s  low  p o in t  was rea ch ed  
r a th e r  e a r ly  in  th e  s to r a g e  l i f e  o f  th e  f r u i t *  a lth o u g h ,  
u n fo r tu n a te ly *  no sam ple was ta k e n  a t  th a t  tim e  to  g iv e  
In fo r m a tio n  on t h i s  point®  A fte r  t h i s  c o n d it io n  was 
r e a c h e d  th e r e  was a slow  d e c r e a se  i n  th e  s ta r c h  c o n te n t  
o f  Jonathan  th ro u g h o u t th e  rem aind er o f  th e  s to r a g e  
season®  W hile o n ly  a few  o f  th e  sam p les showed any  
s t a r c h  c o n te n t  a t  the end o f  th e  s to r a g e  p e r io d ,  th e y  
in d ic a t e  t h a t  th e  s ta r c h  ha ( ^ p r e v io u s ly  d isa p p e a r e d  
from  th e  o th e r  samples® T h is  s l i g h t  d e c r e a se  In  s ta r c h  
i s  r e f l e c t e d  i n  a s im i la r  s l i g h t  I n c r e a s e  i n  t h e  s o lu b le  
c a rb o h y d r a te  form s* w ith  a sm a ll amount o f  th e  t o t a l  
c a rb o h y d r a te  c o n te n t  o f  th e  f r u i t  p ro b a b ly  u sed  in  
r e s p i r a t i o n .
The s t a r c h  c o n te n t  o f  b o th  Grimes and Jonathan  
w as r e l a t i v e l y  h ig h  a t  th e  tim e  th e  f i r s t  p ic k in g  was 
m ade. The Grimes showed a r a th e r  la r g e  d e c r e a se  d u rin g  
th e  h a r v e s t  p er io d *  u n t i l  th e  l a s t  p ic k in g *  w hich showed  
a marked in c r e a s e  lu  starch®  T h is  in c r e a s e  was r e f l e c t e d  
in  a d e c r e a se d  s u c r o s e  and red u c in g  su gar  c o n te n t*  and  
may r e f l e c t  a p e r io d  o f  h ig h  maximum and minimum tem pera­
t u r e s  o c c u r r in g  d u r in g  th e  th r e e  d ays p r e c e d in g  h a rv estin g ®
O th erw ise  i s  i t  d i f f i c u l t  t o  e x p la in  t h i s  sudden in c r e a s e  
in  p e r  c e n t  s t a r c h  i n  t h i s  v a r i e t y  a t  t h i s  t im e , u n le s s  
c e s s a t i o n  o f  ca m b ia l a c t i v i t y  o f  th e  t r e e  happened t o  
c o in c id e  w ith  t h i s  p a r t i c u la r  t im e ,  w ith  a r e s u l t a n t  in ­
c r e a s e  i n  a v a i la b l e  c a r b o h y d r a te s  to  th e  f r u i t s *  In  th e  
Jonathan v a r i e t y  th e r e  was a l a r g e  d e c r e a s e  In  s t a r c h  con­
t e n t  d u r in g  th e  f i r s t  f o u r  w eeks o f  th e  h a r v e s t  p e r io d ,  
by w h ich  tim e  th e  s t a r c h  c o n te n t  had f a l l e n  b elow  one  
p e r  c e n t*  A f t e r  t h i s  t im e  t h e r e  w ere sm a ll d e c r e a s e s  
a t  th e  f o l lo w in g  w e ek ly  I n t e r v a l s ,  u n t i l  a f i n a l  s t a r c h  
p e r c e n ta g e  o f  a p p r o x im a te ly  0*2 p e r  c e n t  was r e a c h e d  a t  
th e  tim e  o f  th e  l a s t  p ic k in g  d ate*  T h is  t r e n d  was v e r y  
r e g u la r *
The f a c t  th a t  th e  G rim es v a r i e t y  show ed a r e l a t i v e l y  
h ig h  s ta r c h  c o n te n t  th ro u g h o u t th e  h a r v e s t  p e r io d  w ou ld  
in d ic a t e  t h a t  t h i s  f r a c t i o n  i s  o f  l i t t l e  v a lu e  a s  a 
m easure o f  p ic k in g  m a tu r ity *  The Jon ath an  v a r i e t y ,  
h ow ever, showed a m arked tr e n d  in  s t a r c h  c o n t e n t ,  and  
th e  d i f f e r e n c e s  d u r in g  th e  e a r l y  p a r t  o f  th e  h a r v e s t  
p e r io d  w ere q u it e  la r g e *  By a c t u a l  t e s t  s to r a g e  q u a l i t y ,  
in  t h i s  c a s e ,  w as a s s o c i a t e d  w it h  a s t a r c h  c o n te n t  o f  
l e s s  th an  0*75  p e r  c e n t  on th e  dry w e ig h t  b a s i s *  As th e  
ch a n g es in  Jonath an  w ere l a r g e ,  and th e  tr e n d  was v e r y  
d e f i n i t e ,  i t  may be t h a t  s ta r c h  c o n t e n t ,  a s s o c ia t e d  w ith  
red  c o lo r  d eve lop m en t w i l l  g iv e  a good e s t im a t io n  o f  
p ic k in g  m a t u r i ty .  F u r th e r  t e s t s  w ith  a w id e r  fcange o f  
m a t e r i a l s ,  grown under more v a r y in g  c u l t u r a l  c o n d i t io n s ,  
a re  n e c e s s a r y  t o  s e e  if i  su ch  e s t im a t e s  w ould h o ld  up
u n d er  a l l  M aryland c o n d it io n s *
110.
The t o t a l  n i t r o g e n  d e te r m in a t io n s  v a r ie d  w id e ly  
from  w eek to  w eek , and t h e r e  i s  l i t t l e  in d ic a t io n  t h a t  
ch a n g es i n  n i t r o g e n  c o n te n t  a re  o f  any  v a lu e  a s  a p ic k in g  
in d e x ,  ^ o th  th e  Grimes and Jon ath an  v a r i e t i e s  showed  
ab ou t th e  same t o t a l  n i t r o g e n  c o n t e n t .  In  b o th  c a s e s  
v a lu e s  were h ig h  in  th e  f i r s t  and l a s t  p i c k i n g s ,  and  
in t e r m e d ia te  in  th e  o t h e r s ,  but th e  v a r i a b i l i t y  was 
g r e a t .  The la r g e  in c r e a s e  i n  b o th  v a r i e t i e s  in  th e  
l a s t  p ic k in g  i s :  hard  to  e x p l a in .  As was s u g g e s te d  f o r  
th e  in c r e a s e d  s t a r c h  c o n te n t  fou n d  in  Grimes in  t h i s  
p ic k in g ,  i t  may be  p a r t i a l l y  a c c o u n te d  f o r  b y  a v a i la ­
b i l i t y  o f  more fo o d  m a t e r ia l s  to  th e  f r u i t s  w i t h  th e  
c e s s a t io n  o f  c a m b ia l a c t i v i t y  a b o u t t h i s  t im e .
The sam p les v a r ie d  r a th e r  w id e ly  in  s t o r a g e ,  b u t  
a s  a r u le  t h e  n i t r o g e n  c o n te n t  o f  th e  f r u i t  d id  n o t  change  
enough to  be s i g n i f i c a n t  in  s t o r a g e .  The sam p les t h a t  
w ere h ig h  a t  th e  b e g in n in g  w ere h ig h  th r o u g h o u t th e  
s to r a g e  p e r io d ,  and sam p les t h a t  w ere low  rem ained  lo w .
The w id e v a r ia t io n  fou n d  in  a few  c a s e s  i n d i c a t e s  t h a t  
th e  f r u i t  v a r ie d  a g r e a t  d e a l  i n  n i t r o g e n  c o n t e n t ,  and  
p e r h a p s  some o f  th e  d i f f e r e n c e s  found a t  th e  v a r io u s  
p ic k in g  d a te s  a r e  m e r e ly  due t o  v a r ia t io n  i n  th e  sa m p les  
s e l e c t e d .
In  a t te m p t in g  to  c o r r e l a t e  t h e s e  v a r io u s  p h y s ic a l  
and c h e m ic a l ch a n g es w ith  p ic k in g  m a tu r ity  a s  m easured  
b y e d i b i l i t y  a f t e r  th e  s to r a g e  p e r io d ,  we f i n d  t h a t  th e r e  
I s  no c o r r e l a t io n  o f  any o f  th e  f a c t o r s  s t u d ie d  w ith  
p ic k in g  d a te  and su b seq u en t q u a l i t y  o f  th e  Grim es v a r i e t y .
In  t h i s  c a s e  th e  f r u i t  a lw a y s d e v e lo p e d  good , e d ib le  
q u a l i t y  in  s t o r a g e ,  a lth o u g h  th e  e a r ly  and l a t e  p ic k ­
in g s  showed more s h r i v e l l i n g  than th e  in te r m e d ia te  
h a r v e s t s *  The d e g r ee  o f  s h r i v e l l i n g  was r e f l e c t e d  in  
th e  p r e s s u r e  t e s t ,  w h ich  showed th e  In te r m e d ia te  p ic k ­
in g s  to  h ave  th e  s lo w e s t  r a t e  o f  d e c r e a se  o f  th e  p r e s su r e  
t e s t  in  s to r a g e *  As f a r  a s  th e  Grimes v a r ie t y  i s  con­
c er n e d  i t  i s  e v id e n t  th a t  th e  f r u i t  may be p ic k e d  
r a th e r  e a r ly  in  th e  s e a s o n , b u t ,  to  o b ta in  good m arket 
q u a l i t y  th e  h a r v e s t  m ust be d e la y e d  u n t i l  th e  f r u i t  
r e a c h e s  a s ta g e  where i t  w i l l  s ta n d  up w e l l  in  s to r a g e *  
F u r th e r  s t u d i e s  on th e  d evelop m en t o f  th e  s k in  c h a r a c t e r s ,  
a s  c o r k in g  o v er  o f th e  l e n t i c e l s  and d evelop m en t o f  th e  
c u t i c l e ,  sh o u ld  g iv e  r a th e r  p e r t in e n t  d a ta  on th e  p rop er  
s ta g e  t o  h a r v e s t  Grim es w ith  reg a rd  to  i t s  a b i l i t y  t o  
sta n d  up in  s to r a g e *
The Jonath an  v a r i e t y ,  h ow ever , showed two f a c t o r s  
t o  be c l o s e l y  a s s o c i a t e d ,  b o th  w ith  k e e p in g  q u a l i t y ,  and 
e d i b i l i t y  a f t e r  s to r a g e *  F u rth erm ore , t h e s e  f a c t o r s  w ere  
p e r t i n e n t  to  th e  ap p earan ce  and q u a l i t y  o f  th e  f r u i t  a t  
th e  tim e  o f  h a r v e s t*  The f i r s t  was th e  d eve lop m en t o f  
red  c o l o r ,  w h ich  r e q u ir e d  d evelop m en t o f  an a v e ra g e  r e d  
c o lo r  o f  t w e n t y - f iv e  p e r  c e n t  on a random sam ple s e l e c t ­
ed  from  a l l  p a r t s  o f  th e  t r e e *  The seco n d  f a c t o r ,  w h ic h  
may be i n d i r e c t l y  a s s o c i a t e d  w ith  th e  d ev e lo p m en t o f  red  
c o lo r ,  and w h ich  showed q u ite  la r g e  d i f f e r e n c e s  o f  a 
d e f i n i t e  t r e n d ,  was th e  s t a r c h  c o n te n t  a t  th e  tim e  o f  
h a r v e s t .  I t  may be p o s s i b l e  t o  d i r e c t l y  compare th e
ch a n g es  in  t h e s e  two f a c t o r s  d u r in g  th e  m a tu r a tio n  
p e r io d  by th e  d evelop m en t o f a q u ic k , s e m i-q u a n t it a t iv e  
t e s t  fo r  s t a r c h  w h ich  can  b e  a p p lie d  in  th e  o r ch a rd ,
SUMMARY A m  CONCLUSIONS 
The p u rp ose  o f  th e  i n v e s t i g a t i o n  h e r e  r e p o r te d  h a s  
b een  t o  s tu d y  c e r t a i n  p h y s ic a l  and ch em ica l ch an ges i n  th e  
f r u i t  o f  Grimes and Jonath an  a p p le s ,  and , where p o s s i b l e ,  
t o  c o r r e l a t e  t h e s e  ch an ges w ith  th e  e d ib le  q u a l i t y  o f  th e  
f r u i t  a f t e r  s t o r a g e .  To t h i s  en d , Grimes and Jonathan  
f r u i t  was h a r v e s te d  a t  w e e k ly  i n t e r v a l s  from  s e l e c t e d  
t r e e s  in  1934 and 1 9 3 5 , and m easurem ents ta k e n  w ith  
th e  p r e s s u r e  t e s t e r  and ‘' e l e c t r i c a l  m a tu r ity  t e s t e r ,"  
and e s t im a t e s  o f  ground c o lo r  ch an ges o f  Grimes and 
r e d  c o lo r  d eve lop m en t o f  Jonath an  were m ade. In  1934  
c h e m ic a l a n a ly s e s  were made f o r  th e  ca rb o h y d ra te  f r a c t io n s  
o f  th e  f r u i t ,  in c lu d in g  r e d u c in g  s u b s ta n c e s , s u c r o s e ,  t o t a l  
su g a r s  * and s t a r c h ;  and f o r  th e  t o t a l  n i t r o g e n  c o n te n t  o f  
th e  f r u i t .  The same d a ta  w ere c o l l e c t e d  a t  two i n t e r v a l s  
d u r in g  th e  s to r a g e  p e r io d *
Changes fou n d  In  th e s e  m easurem ents and d eterm in a­
t i o n s  a t  th e  w e e k ly  h a r v e s t  i n t e r v a l s  and d u rin g  s to r a g e  
were a p p r a is e d  on th e  b a s e s  o f  th e  tim e  o f  h a r v e s t ,  and  
e d ib le  q u a l i t y  o f  th e  f r u i t ,  a t  th e  end o f  th e  s to r a g e  
p e r io d ,  w i t h  th e  v ie w  in  mind o f  e s t a b l i s h i n g  p ic k in g  
i n d i c e s  f o r  th e  v a r i e t i e s *
The r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  may be sum m arized  
1 ,  The p r e s su r e  t e s t  o f  b o th  Grimes and Jon ath an
d e c r e a s e d  r e g u la r ly  th ro u g h o u t th e  s i x  w eeks co v er ed  by  
th e  h a r d e s t  p e r io d  in  1 9 3 4 , and th rou gh  th e  r e g u la r  
p ic k in g s  in  1935# The w e e k ly  d e c r e a s e s ,  h ow ever, were  
n o t  s i g n i f i c a n t  f o r  Grim es and b a r e ly  so  f o r  Jonathan#
2* The p r e s s u r e  t e s t  o f  b o th  Grimes and Jonathan  
was c o n s id e r a b ly  h ig h e r  a t  th e  same s ta g e  o f  m a tu r ity  in  
1935 th a n  in  1 9 3 4 , and h e n c e , e v e n  th ou gh  w eek ly  d i f f e r e n c e s  
w ere fou n d  s i g n i f i c a n t  f o r  th e  Jonathan  v a r ie t y  in  1 9 3 4 , 
l i t t l e  v a lu e  can  be p la c e d  on the p r e s s u r e  t e s t  a s  a 
m easu re  o f  m a tu r ity  f o r  th e s e  v a r i e t i e s *
3# An in v e r s e  r e l a t i o n  b etw een  f r u i t  s i z e  and  
p r e s s u r e  t e s t  was in d ic a t e d  a t  a l l  s t a g e s ,  but th e  
p r e s s u r e  t e s t  o f  a s i n g l e  s i z e  groups d e c r e a se d  th rou gh ­
ou t th e  s e a so n  a t  a p p r o x im a te ly  th e  r a te  o f  a random 
sam ple from  th e  tr e e #
4# The p r e s s u r e  t e s t  o f  th e  Grimes v a r i e t y  was 
h ig h e r  th a n  t h a t  o f  th e  Jonath an  v a r i e t y  i n  ea ch  year#
5# The e l e c t r i c a l  m a tu r ity  t e s t e r  r e a d in g s  d id  
n o t show a s i g n i f i c a n t  tr e n d  d u r in g  th e  h a r v e s t  p e r io d  
f o r  e i t h e r  v a r i e t y  in  e i t h e r  y e a r ,  and t h e r e f o r e ,  seem  
o f  l i t t l e  v a lu e  a s  an in d e x  o f  m a tu r ity #
6 * The e l e c t r i c a l  m a tu r ity  t e s t e r  r e a d in g s  
showed a downward tr e n d  d u r in g  th e  h a r v e s t  p e r io d  w ith  
th e  Grim es v a r i e t y ,  b u t no c o n s i s t e n t  tr e n d  was n o te d  in  
th e  c a se  o f  th e  Jon ath an  v a r ie ty #
7# T here was no s i g n i f i c a n t  d i f f e r e n c e  b etw een  
th e  e l e c t r i c a l  m a tu r ity  t e s t e r  r e a d in g s  f o r  Grim es and  
Jonathan#
j3* T em perature was shown to  have a marked e f f e c t  
on t h e  e l e c t r i c a l  m a tu r ity  t e s t e r  r ea d in g s*
9* Ground c o lo r  ch a n g es i n  th e  Grim es v a r ie t y  
w ere v e r y  s lo w  d u r in g  th e  h a r v e s t  p e r io d ,  and were  
d e c id e d ly  a f f e c t e d  by th e  c u l t u r a l  c o n d it io n s  under  
w h ich  th e  t r e e s  were grown* The w e ek ly  ch an ges w ere to o  
sm a ll t o  be o f  v a lu e  a s  an in d ex  o f  m a tu r ity ,  and th e  
w ide d i f f e r e n c e ,d u e  t o  c u l t u r a l  c o n d i t io n s ,  f u r t h e r  ex ­
c lu d e s  t h i s  c h a r a c te r  a s  an in d e x .
1 0 * The d evelop m en t o f  red  c o lo r  o f  Jonath an  f r u i t  
seem ed to  be d ep en d en t upon c l im a t ic  f a c t o r s  to  a la r g e  
e x t e n t ,  and to  be w e l l  c o r r e la t e d  w ith  e d ib le  q u a l i t y  
a f t e r  s t o r a g e ;  a t w e n t y - f iv e  p e r  c e n t  red  c o lo r  d e v e lo p ­
m ent was found  n e c e s s a r y  b e fo r e  f r u i t  d e v e lo p e d  c h a r a c te r ­
i s t i c  q u a l i t y  a f t e r  s to r a g e  a t  t h ir t y - t w o  d e g r e e s  F*
1 1 + The p r e s su r e  t e s t  d e c r e a se d  r e g u la r ly  th rou gh ­
o u t  th e  s to r a g e  p e r io d ,  and th e  e a r ly  p ic k in g s  had th e  
h i g h e s t  r a te  o f  d e c r e a s e *  A l l  ten d ed  to  come to  a common 
v a lu e  a t  th e  end o f  th e  s to r a g e  p e r io d ,  b u t th e  p i c k in g s ,  
in  g e n e r a l ,  r e t a in e d  t h e i r  o r i g i n a l  rank*
1 2 * The e l e c t r i c a l  m a tu r ity  t e s t e r  r e a d in g s  showed  
a s l i g h t  d e c r e a s e  d u r in g  th e  s to r a g e  p e r io d ,  b u t th e r e  was 
no c o r r e l a t io n  b e tw een  p ic k in g  d a te  and th e  f i n a l  v a lu e  
o b ta in ed *
1 5 * The ground c o lo r  o f  Grimes f r u i t  in c r e a s e d  
s lo w ly  th ro u g h o u t th e  s to r a g e  p e r io d *
1 4 * C hem ical a n a ly s e s  f o r  c a rb o h y d r a te  f r a c t i o n s  
and t o t a l  n i t r o g e n  showed no c o r r e l a t io n  w ith  m a tu r ity
a t  h a r v e s t ,  e x c e p t ,  p o s s i b l y  th e  s t a r c h  c o n te n t  o f  
Jon ath an  f r u i t *
15* The r e d u c in g  su b s ta n c e  c o n te n t  o f  Grimes 
and Jon ath an  f r u i t  rem ained  p r a c t i c a l l y  c o n s ta n t  th rou gh ­
o u t th e  h a r v e s t  p e r io d ,  and showed a s l i g h t  in c r e a s e  
th r o u g h o u t th e  s to r a g e  p e r io d *  The r e d u c in g  s u b s ta n c e s  
c o n te n t  o f  Jon ath an  was g r e a te r  th a n  th a t  o f  Grimes*
1 6 * The s u c r o s e  c o n te n t  o f  b o th  Grimes and 
Jon ath an  was low  a t  th e  tim e  o f  th e  f i r s t  h a r v e s t ,  
in c r e a s e d  g r e a t ly  d u r in g  th e  f i r s t  w eek ly  i n t e r v a l ,  
and more s lo w ly  u n t i l  th e  l a s t  h a r v e s t  d a t e ,  a t  w h ich  
tim e  i t  showed a d e c r e a se *  The s u c r o s e  c o n te n t  o f  b o th  
v a r i e t i e s  te n d e d  to  come to  a c o n s ta n t  l e v e l  d u rin g  th e  
s to r a g e  p e r io d ,  w h ich  r e s u l t e d  in  an in c r e a s e  in  su c r o se  
c o n te n t  o f  th e  e a r ly  p ic k in g s ,  and a d e c r e a se  f o r  th e  
l a t e r  p ic k in g s *  The su c r o se  c o n te n t  o f  Grimes was 
h ig h e r  th a n  t h a t  o f  Jonathan*
1 7 * T o ta l  su g a rs  ten d ed  to  f o l lo w  th e  su c r o se  
cu rve  d u r in g  th e  h a r v e s t  p er io d *  D uring s t o r a g e ,  t o t a l  
su g a r s  te n d e d  t o  come t o  a c o n s ta n t  l e v e l  o f  ab ou t  
s ix t y - t w o  p e r  c e n t  f o r  Grimes and s e v e n ty  p er  c e n t  fo r  
Jonathan* In  b o th  c a s e s  t h i s  r e s u l t e d  in  an upward 
tr e n d  in  t o t a l  su g a rs  d u r in g  th e  s to r a g e  p e r io d *
1 8 * The s ta r c h  c o n te n t  o f  Grimes d e c r e a se d  from  
se v e n  p e r  c e n t  t o  ab ou t two and o n e - h a l f  p e r  c e n t  in  
th e  f i r s t  f i v e  w eek ly  p ic k in g s ,  but showed an in c r e a s e d  
v a lu e  a t  th e  t im e  o f  th e  l a s t  h a r v e s t*  The s ta r c h  con-
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t e n t  o f  Jon ath an  was abou t s i x  p e r  c e n t  a t  th e  tim e o f  
th e  f i r s t  h a r v e s t ,  and d e c r e a se d  r a p id ly  th ro u g h o u t th e  
w e e k ly  i n t e r v a l s ,  o b t a in in g  a v a lu e  o f  l e s s  th a n  one 
p e r  c e n t  a t  th e  fo u r t h  h a r v e s t*  By th e  s i x t h  p ic k in g  
d a te  o n ly  0*2 p e r  c e n t  s ta r c h  was p r e s e n t  in  th e  Jonathan  
f r u i t .
1 9 * S ta r c h  d e c r e a se d  r a p id ly  in  s to r a g e  in  b o th  
Grim es and Jon ath an  v a r i e t i e s ,  th e  v a lu e s  b e in g  below  
0 .5  p e r  c e n t  in  n e a r ly  a l l  c a s e s  a t  th e  tim e o f  th e  
f i r s t  s to r a g e  sa m p le . At th e  end o f  th e  s to r a g e  p e r io d  
Grimes s t i l l  showed s l i g h t  t r a c e s  o f  s t a r c h ,  b u t o n ly  
two p ic k in g s  o f  Jonath an  showed any s t a r c h  c o n te n t  a t  
th e  end o f  th e  s to r a g e  p e r io d , and th e n  o n ly  tr a c e s #
2 0 * T o ta l n i t r o g e n  c o n te n t  o f  b o th  Grimes and 
Jon ath an  a v e ra g e d  b etw een  0*45 and 0 .5 0  p e r  c e n t  on th e  
dry  w e ig h t  b a s i s ,  and a lth o u g h  th e r e  was c o n s id e r a b le  
v a r i a t i o n ,  th e r e  was no s e a s o n a l  tr e n d  ap p aren t*  The 
t o t a l  n i t r o g e n  c o n te n t  rem ained  p r a c t i c a l l y  c o n s ta n t  
th r o u g h o u t th e  s to r a g e  p e r io d *
2 1 * None o f  th e  f a c t o r s  m easured was s u f f i ­
c i e n t l y  c o r r e la t e d  w ith  th e  m a tu r a tio n  p r o c e s s e s  o f  
th e  Grim es v a r i e t y  to  s e r v e  a s  p ic k in g  in d e x , and th e  
r e s u l t s  o b ta in e d  seem  t o  i n d ic a t e  th e  f a c t o r s  a f f e c t i n g  
th e  a b i l i t y  o f  t h i s  v a r i e t y  to  s ta n d  up in  s to r a g e  are  
m ost im p o rta n t i n  r e l a t i o n  to  tim e  o f  h a r v e s t*
2 2 # Ked c o lo r  d evelop m en t was c l o s e l y  a s s o c ia t e d  
w ith  e d ib le  q u a l i t y  a f t e r  s to r a g e  o f  Jonath an  f r u i t ,  and 
th e  r e s u l t s  show t h a t  a t  l e a s t  tw e n ty ^ f iv e  p er  c e n t  red
c o lo r  d evelop m en t i s  n e c e s s a r y  i f  c h a r a c t e r i s t i c  q u a l i t y  
i s  t o  he  o b ta in e d .  The s ta r c h  c o n te n t  o f  Jonathan  f r u i t  
was fou n d  to  change r a p id ly  d u r in g  th e  r ip e n in g  p e r io d ,  
and f u r t h e r  i n v e s t i g a t i o n  may show t h i s  to  be oo r r e la t e d  
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1 8 ,  C a r r ic k ,  B. D. The r e s p i r a t i o n  o f  a p p le s  a t  lo w , non-
f r e e z i n g  te m p e r a tu r e s  and w h i le  f r o z e n .  
P ro c . Amer. S o c .  H ort .  S c i .  2 3 : 2 7 7 - 2 8 5 ,  
1 9 2 6 .
1 9 ,  C o r b e t t ,  L. C. C o lo r  a s  an i n d i c a t i o n  o f  th e  p i c k i n g
m a t u r i ty  o f  f r u i t s  and v e g e t a b l e s ,  
U .S .D .A .  Yearbook 1 9 1 6 : 9 9 - 1 0 6 .  1 9 1 7 .
2 0 ,  C rane, W. M. and D. M a r t in .  Breakdown i n  Tasmanian
a p p l e s .  J .  C o u n c il  S c i .  and I n d .  R e s ,
8 :  No. 4 .  1 9 3 5 .
2 1 ,  Cummings, M. B. and P. M. Lombard. Farm a p p le  s t o r a g e .
I I I .  S t r u c t u r a l  c h a r a c t e r s  In  r e l a t i o n  
to  s t o r a g e .  V t .  Agr. Exp. S t a .  B u i .
1 8 6 .  1 9 1 5 .
2 2 ,  D a v i s ,  M. B. S to r a g e  i n v e s t i g a t i o n s  w ith  Quebec












______________  and D. S .  B l a i r .  H a r v e s t in g  and s t o r a g e
o f  M cIn tosh  and Famuese a p p l e s .  
Canad. H o r t .  ( S e p t .  1 9 3 5 ) 4 8 : 2 0 5 .  
1 9 3 5 .
Degman, E . S .  F irm n ess  and k e e p in g  q u a l i t y  o f
f r u i t  a s  a f f e c t e d  by n i t r o g e n  f e r t i ­
l i z e r s .  P r o c .  Amer. S o c .  H o r t .  S c i .
2 6 :  1 8 2 - 1 8 6 .  1 9 2 9 .
  and J .  H. W ein b erger . S t u d ie s  on th e
f ir m n e s s  and k e e p in g  q u a l i t y  o f  
c e r t a i n  f r u i t * .  I .  E f f e c t s  o f  
n i t r o g e n  f e r t i l i z a t i o n .  I I .  E f f e c t s  
o f  p o ta s s iu m  f e r t i l i z a t i o n .  Md.
A gr. Exp. S t a .  B u i .  3 6 6 .  1 9 3 4 .
D enny, F .  E* Improvements i n  m ethods o f  d e t e r ­
m in in g  s t a r c h  i n  p la n t  t i s s u e s .  
C o n tr ib .  Boyce Thompson I n s t .  6 :  
1 2 9 - 1 4 6 .  1 9 3 4 .
D u t o i t ,  M. S .  and J V R e y n k e .  S t u d ie s  i n  K eeping
Q u a l i t i e s  o f  F r u i t s .  D ep t . A gr.  
U nion o f  S o . A fr ic a  S c i .  B u i.  1 1 8 .  
1 9 3 3 .
Chem ical s t u d i e s  i n  the  p h y s io lo g y  
o f  th e  a p p le .  V I I .  A s tu d y  o f  th e  
su ga r  o f  a p p le s  w ith  e s p e c i a l  
r e f e r e n c e  to  th e  f r u c t o s e / g l u c o s e  
r a t i o .  Ann. B o t .  4 2 : 1 - 3 8 .  1 9 2 8 .
A s tu d y  o f  th e  f a c t o r s  i n f l u e n c i n g  
red  c o l o r  on a p p l e s .  Md. A gr .
Exp. S t a .  Bui* 3 5 3 .  1933*
S t u d ie s  on f r u i t  r e s p i r a t i o n *  
U .S .D .A .  Bur. Chem. B u i.  1 4 2 .
1 9 1 1 .
G o u r le y ,  J .  H. and E . F . H op k in s. Some r e l a t i o n s  o f
n i t r o g e n  to  k e e p in g  q u a l i t y  o f  
f r u i t .  P ro c .  Amer. S o c .  H o r t .
S c i .  2 6 : 1 6 7 - 1 7 3 .  1 9 2 9 .
__________. N i t r a t e  f e r t i -
l i z a t i o n  and k e e p in g  q u a l i t y  o f  
a p p le  f r u i t s .  C h em ica l,  p h y s io ­
l o g i c a l ,  and s t o r a g e  s t u d i e s .
Ohio A gr. Exp. S t a .  B u i .  4 7 9 .  1 9 3 1 .
E v a n s ,  D. I .
F l e t c h e r ,  L. A.
G ore, H. C.
121.
5 3 .  G o u r le y ,  J .  H. and E. P .  H o p k in s . S tudy o f  th e  a sh
c o n s t i t u e n t s  o f  a p p le  f r u i t s  d u r in g  
th e  grow in g  s e a s o n .  Ohio Agr. Exp. 
S t a .  B u i .  5 1 9 .  1 9 3 3 .
3 4 .  H a l l e r ,
3 5 .
H. Changes i n  th e  p e c t i c  c o n s t i t u e n t s  
o f  a p p le s  i n  r e l a t i o n  t o  s o f t e n i n g .  
J o u r . Agr. R es . 3 9 : 7 3 9 - 7 4 6 .  1 9 2 9 .
and J .  R. M agness. R e l a t i o n  o f  l e a f  
a r e a  and p o s i t i o n  t o  q u a l i t y  o f  
f r u i t  and t o  bud d i f f e r e n t i a t i o n  
i n  a p p l e s .  U .S .D .A . T ech . B u i .  3 3 8 .  
1 9 3 3 .
3 6 .  H a rd in g , P. L . R e s p ir a t io n  s t u d i e s  o f  Grimes a p p le s  
under v a r io u s  c o n t r o l l e d  tem pera­
t u r e s .  P r o c .  Amer. S o c .  H o r t .  S c i .  
2 6 : 3 1 9 - 3 2 4 .  1 9 2 9 .
3 7 .  H a r r i s ,  L. and J .  H. G o u r le y .  The r u s s e t t i n g  o f
a p p l e s .  Minn. F r u i t  Growers <6: 
3-.8 ,'  1 9 2 9 . ’ . “
3 8 .  Hartman, H,
3 9 .  H aynes, D.
4 0 .
S t u d ie s  r e l a t i n g  to  t h e  h a r v e s t in g  
and s to r a g e  o f  a p p le s  and p e a r s .
O re. Agr. Exp. S t a .  B u i .  2 0 6 .  1 9 2 4 .
Chem ical s t u d i e s  i n  th e  p h y s io lo g y  
o f  the  ap p le*  I .  Changes in  th e  
a c i d  c o n te n t  o f  s t o r e d  a p p le s  and 
i t s  p h y s i o l o g i c a l  s i g n i f i c a n c e .  Ann. 
B o t .  3 9 : 7 7 - 9 6 .  1 9 2 5 .
and H. K. A r ch b o ld . A r e l a t i o n  b e tw een  
su gar  and n i t r o g e n  c o n te n t  o f  th e  
a p p le  a t  th e  t im e  o f  g a t h e r in g  and 
th e  l e n g t h  o f  i t s  su b seq u e n t  l i f e  
i n  s to r a g e *  G rt .  B r t .  Dept* S c i*  
and In d . R e s . ,  Food I n v e s t .  Bd.
R e p t .  42 ( 1 9 2 5 - 1 9 2 6 ) .  1 9 2 7 .
4 1 . _________________  C hem ical s t u d i e s  i n
th e  p h y s io lo g y  o f  th e  a p p l e .  X . A 
q u a n t a t iv e  s tu d y  o f  c h e m ic a l  ch a n g es  
i n  s t o r e d  a p p l e s .  Ann. B o t .  4 2 : 9 5 6 -  
1 0 1 7 .  1 9 2 8 .
4 2 .  H op k in s, E . F . and J .  H. G o u r le y .  The e f f e c t  o f
n i t r a t e  a p p l i c a t i o n  on th e  s o lu b le  
c a r b o h y d r a te s  i n  a p p le s *  P ro c .  Amer. 











5 2 .  
5 5 .
H o w ie t t ,  F .  S .  The n i t r o g e n  and c a rb o h y d ra te  compo­
s i t i o n  o f  th e  d e v e lo p in g  f lo w e r s  and 
young f r u i t s  o f  th e  a p p l e .  C o r n e l l  
A gr. Exp. S t a .  Mem. 9 9 : 1 - 7 9 .  1 9 2 6 .
Hulme, A. C. The m eta b o lism  o f  n i t r o g e n  in  a p p le
f r u i t s ,  G rt .  B r t .  D ep t. S c i .  and 
In d .  R e s . ,  Food I n v e s t .  Bd. R e p t .  
( 1 9 5 6 ) .  1 9 5 7 .
K id d , F .  and C. W est. The c o u r se  o f  r e s p i r a t o r y
a c t i v i t y  th ro u g h ou t th e  l i f e  o f  an 
a p p l e .  G rt. B r t .  D e p t .  S c i .  and 
I n d .  R e s . ,  Food I n v e s t .  Bd. R e p t .  
1 9 3 1 .  1 9 3 2 .
___________________________ The s t o r a g e  l i f e  o f  a p p le s
i n  r e l a t i o n  t o  r e s p i r a t o r y  a c t i v i t y  
and ch em ica l c o m p o s i t io n .  G rt .  B r t .  
D e p t .  S c i .  and In d . R e s . ,  Food I n v e s t .  
Bd. R e p t .  ( 1 9 2 5 - 1 9 2 6 ) .  1 9 2 7 .
K now lton , H. E. and M. B. Hoffman. N itr o g e n  f e r t i ­
l i z a t i o n  and th e  k e e p in g  q u a l i t y  o f  
a p p le s *  P ro c .  Amer. S o c .  H ort .  S c i .  
2 7 : 2 8 - 3 1 .  1 9 3 0 .
L a g a s s e ,  F .  S .  Do n i t r o g e n  a p p l i c a t i o n s  a f f e c t  th e
n i t r o g e n  c o n te n t  and s h ip p in g  q u a l i t y  
o f  Y e l lo w  T ran sp a ren t  a p p le s ?  T r a n s .  
P e n in s u la  Hort* S o c .  1 9 3 0 : 4 6 - 5 1 .  1 9 3 0 .
L e w is ,  C. I . ,  Murneek, A# E. and C. C. C a te .  Pea**
h a r v e s t i n g  and s t o r a g e  i n v e s t i g a t i o n s .  
O re. Agr. Exp. S t a .  B u i .  1 6 2 : 1 - 3 9 .  
1 9 1 9 .
M agness , J .  R. P r e l im in a r y  r e p o r t  upon th e  I n f lu e n c e
o f  c l i m a t i c  c o n d i t i o n s  on t h e  r ip e n ­
i n g  p r o c e s s e s  o f  th e  a p p l e ,  P r o c .  
Amer. S o c .  H ort .  S c i .  2 0 : 1 0 8 - 1 1 5 .
1 9 2 3 .
and A. M. Burroughs • S t u d ie s  i n  a p p le  
s t o r a g e .  In s t o r a g e  i n v e s t i g a t i o n s .  
The Marble Lab. I n c .  1 9 2 4 .
_________________  and H. C. D ie h l*  P h y s i o l o g i c a l
s t u d i e s  on a p p le s  i n  s t o r a g e .  J o u r .  
A gr. R es .  2 7 : 1 - 3 8 .  1 9 2 4 .
_________________________________  and M. H, H a l l e r .
P ic k in g  m a t u r i ty  o f  a p p le s  i n  r e l a t ­
io n  t o  s t o r a g e .  U .S .D .A .  B u i .  1 4 4 8 .  











M agness, J .  R . ,  D i e h l ,  H. C. and M. H* H a l l e r ,  e t*  a l .
The r i p e n i n g ,  s t o r a g e ,  and h a n d l in g  o f  
a p p l e s .  U .S .D .A * B u i .  1 4 0 6 .  1 9 2 6 .
________________  and P . L. O v e r ly .  E f f e c t  o f  f e r t i l i z a t i o n
o f  th e  s t o r a g e  q u a l i t y  o f  a p p l e s .  P ro c .  
Amer. S o c .  H ort .  S c i .  2 6 : 1 8 0 - 1 8 1 .  1 9 2 9 .
 _______________  and G. F .  T a y lo r .  An im proved ty p e  o f
p r e s s u r e  t e s t e r  f o r  th e  d e te r m in a t io n  
o f  f r u i t  m a t u r i t y .  U .S .D .A . C i r c .
3 5 0 .  1 9 2 5 .
M a r s h a l l ,  R. E. and G. P . w a ld o . When to  p ic k  a p p l e s .
M ich . A gr. Exp. S t a .  Q uart. B u i .  8 .  
1 6 - 2 0 .  1 9 2 5 .
5 8 .  Murneek, A. E .
5 9 .
M o r r is ,  0 .  M 
M oore, J .  C.
A new t e s t  f o r  th e  m a tu r i ty  o f  th e  
p e a r .  O re. Agr. Exp. S t a .  B u i .  1 8 6 .  
1 - 2 8 .  1 9 2 1 .
N itr o g e n  and c a rh o h y d ra te  d i s t r i t u t i o n  
i n  o r g a n s  o f  b e a r in g  a p p le  s p u r s .  Mo. 
^ g r .  Exp. S t a .  R es .  B u i .  1 1 9 . 1 - 5 0 .
1 9 2 8 .
H e m lc e l lu lc s e  a s  a s to r a g e  ca rb oh yd ra te  
i n  woody p l a n t s  w i t h  s p e c i a l  r e f e r e n c e  
to  th e  a p p l e .  P i t .  P h y s .  4 : 2 5 1 - 2 6 4 .
1 9 2 9 .
S t u d i e s  i n  a p p le  s t o r a g e .  Wash. A gr.  
Exp. S t a .  B u i .  193* 1 - 4 5 .  1 9 2 5 .
E l e c t r i c a l  r e s i s t a n c e  o f  t h e  p ea r  
t i s s u e  a s  an in d e x  o f  m a t u r i t y .  Ore. 
A gr. Exp* S t a .  B u i .  3 0 0 .  1 - 1 8 .  1 9 3 2 .
N e l l e r ,  J .  R. and P .  L . O v e r la y .  P h y s i c a l  and c h e m ic a l
c h a r a c t e r i s t i c s  o f  m a tu r in g  a p p le s  a s  
r e l a t e d  to  th e  t im e  o f  h a r v e s t .  Wash. 
Agr. E^p. S t a .  Gen. B u i .  2 0 5 .  193^*
Gverlery, F . L. and E . L. O v e r h o ls e r .  Some e f f e c t s  o f
f e r t i l i z e r  on s t o r a g e  r e sp o n se  o f  
Jonath an  a p p l e s .  P r o c .  Amer. S o c .  
H o rt. S c i .  2 8 :5 7 2 * 5 7 7 •  1 9 3 1 .
6 5 .  O nslow , M, K idd, P .  and C. West* G rt . B r t .  D e p t .  S c i .
and In d . R e s . ,  Food I n v e s t .  Bd. R e p t .  
( 1 9 3 0 : 5 3 - 5 7 .  1 9 3 1 .
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6 6 .  P e n t z e r ,  W. T . C o lo r  p igm ent i n  r e l a t i o n  to  the
d eve lo p m en t o f  Jon ath an  s p o t .  P ro c .  
Amer. S o c .  H ort. S c i .  2 2 : 6 6 - 6 9 .
1 9 2 5 .  —
6 7 .  P e n t z e r ,  W. T . , M agness, J* R# , D i e h l ,  H. C. and  
M* H# H a l l e r .  I n v e s t i g a t i o n s  on h a r v e s t i n g  and
h a n d l in g  f a l l  and w in t e r  p e a r s .  
U .S .D .A .  T ech . B u i .  2 9 0 .  1 9 5 2 .
6 8 .  P e r r y ,  W. and J .  N. M artin* The c u t i n i z a t i o n  o f
a p p le  s k in s  i n  r e l a t i o n  to  t h e i r  
k e e p in g  q u a l i t y  and t h e i r  e n v ir o n ­
m en t. K ept. Iowa S t a t e  H ort .  S o c .  
5 2 : ( 1 9 1 7 )  1 8 0 - 1 9 2 .  1 9 1 8 .
6 9 .  P la g g e ,  H. H. and P . G erhardt. a c i d i t y  changes
a s s o c i a t e d  w i t h  th e  k e e p in g  q u a l i t y  
o f  a p p le s  under v a r io u s  s t o r a g e  
c o n d i t i o n s .  Iowa Agr. Exp. S t a .
R e s .  B u i .  1 5 1 .  1 9 5 0 .
7 0 .  P la g g e ,  H. H. Do s u c c e s s i v e  a p p l i c a t i o n s  o f  n i t r o ­
genous f e r t i l i z e r s  i n f l u e n c e  th e  
d eve lop m en t o f  p h y s i o l o g i c a l  d i s ­
o r d e r s  o f  a p p le s  In  c o ld  s t o r a g e .  
P ro c . Amer. S o c .  H o rt .  S c i 0 2 7 :2 5 -  
2 7 .  1 9 5 0 .
7 1 .    and T . J .  Maney. Apple s to r a g e  i n v e s t i ­
g a t i o n s .  1 .  Jonathan sp o t  and s o f t  
s c a l d .  2 .  Apple s c a l d  and i n t e r n a l
breakdow n. Iowa Agr. Exp. S t a .  B u i .
2 2 2 .  1 9 2 4 .
7 2 .      and G erh a rd t.
C e r ta in  p h y s i c a l  and c h e m ic a l  
ch an g es  o f  Grime^ d u r in g  th e  
r ip e n in g  and s t o r a g e  p e r io d .  Iowa  
Agr. Exp. S t a .  R es .  B u i .  9 1 .  1 9 2 6 .
7 5 .  P o w e l l ,  G. H. and S* H. F u l t o n .  The a p p le  i n  c o ld
s to r a g e *  U .S .D .A . B u i .  4 8 .  1905*
7 4 .  R anker, E. R. D e te r m in a t io n  o f  t o t a l  n i t r o g e n  in
p l a n t s  and p la n t  s o l u t i o n s .  Ann*
Mo. B o t .  Gard. 1 2 :5 6 7 -3 8 0 *  1 9 2 5 .
7 5 .  R assm u ssen , E . J .  F iv e  y e a r s  o f  s t o r a g e  r e s e a r c h
on New Hampshire a p p l e s .  Ann. R ep t.
N. H. H o r t .  S o c .  2 4 : ( 1 9 5 4 )  8 4 - 9 9 .
1 9 3 5 .
125.
7 6 ,  R a w lin g s ,  C. 0 , C o lo r  o f  a p p le s  a s  a f f e c t e d  by 
w e a th e r  and c u l t u r a l  c o n d i t io n s *  
Jinn. R e p t .  N. H. H c r t .  S o c .  24s  
(1 9 3 4 )
7 7 ,  S t .  John , J .  L. and 0 .  m, M o r r is .  S t u d ie s  o f  q u a l i t y
and m a tu r i ty  o f  a p p l e s .  Jo u r ,
A gr. R es , 3 9 : 6 2 3 - 6 3 9 .  1 9 2 9 .
78® T h a tc h e r ,  R. W.
7 9 ,  V e r n e r ,  L .
8 0 .  W ein b erg er ,  J .  H.
8 1 ,  W h ite h o u se ,  W. E.
Enzymes o f  a p p le s  and t h e i r  r e l a t ­
i o n  to  th e  r ip e n in g  p r o c e s s .  J o u r .  
A gr. R es. 3 : 1 0 3 - 1 1 6 .  1 9 1 5 .
E f f e c t s  o f  n i t r o g e n  f e r t i l i z a t i o n  
on a p p le  f r u i t .  P ro c .  Amer. S o c .  
H o rt .  S c i .  3 0 : 3 2 - 3 6 ,  1 9 3 3 .
The e f f e c t  o f  v a r io u s  p o ta s h  f e r t i ­
l i z e r s  on th e  f i r m n e s s  and k e e p in g  
q u a l i t y  o f  f r u i t s .  P ro c .  Amer.
S o c .  H ort. S c i .  2 6 : 1 7 4 - 1 7 9 .  1 9 2 9 .
A s tu d y  o f  v a r i a t i o n  i n  a p p le s  
d u r in g  th e  growing s e a s o n .  Ore. 
Agr. Exp. S t a .  B u i .  1 3 4 : 1 - 1 3 .  1 9 1 6 .
APPENDIX
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TABLE IX — Average Pressure Test, in Pounds, of Grimes Fruit from Six Random Trees by Size
Groups and Weighted Average for the Size Groups at the Weekly Harvest
Intervals and During Storage, 1934.
At H arvest 1934 End of November End o f December
H arvest
D ate.




F r u i t  in  
Each Size 
Group.
P re ssu re  







P re ssu re  





P re ssu re  : 
T es t.
P re ssu re  





P re ssu re




















20.11 ± .1 9  












19 .44  1 .2 6  













18.27  ± .52  
19 .14  ± *37 

















18.09 ± .5 1  
18.80 ± .2 6  














17.30 ± .2 4  





♦S tandard  E rro r .
F i s h e r ! s t  t e s t  fo r  s ig n if ic a n c e  of d if fe re n c e s  of means of sm all sam ples was used th roughou t in t e s t in g  
th e  s ig n if ic a n c e  of d if fe re n c e s  between samples.
128.
TABLE X — Average Pressure Test, in Pounds, of Grimes Fruit from Five Random Trees by Size
Groups and Weighted Average for the Size Groups at the Weekly Harvest
Intervals and During Storage, 1935.
At H arvest 1935 End of November End of December
Number of P re ssu re W eighted P re ssu re W eighted P re ssu re Weighted
H arvest F r u i t F r u i t  in T est in Average T est in Average T est in Average
Date, Size Each S ize Pounds, of Pounds. of Pounds. of
Group Group, P re ssu re P re ssu re P re ssu re
T es t. : T est T es t.
Large 101 20.18  Jr .26 15.06
August 24, Medium 1750 2 1 .76± .38 21.82 16.07 16.07 16.34 16.27
Small 96 2 4 .7 0 ± .60
Large 198 19.61 ±. 11 14.52
August 31, Medium 1697 2 0 .9 5 t .33 21.06 16.19 16.17 15.82 15.82
Small 189 23. 61 ± .  71 17.77
Large 291 19 .14  ^=.13 14.97
September 7, Medium 1365 20.40 t .27 20.31 15.81 15.66 14.93 14.93
Small 55 24.42  ± .3 1
Large 214 20.92 15.70 13.45
September 14 Medium 433 21.90 21.58 16.80 16.44 15.05 14.52
Small 1
Large 31 17.25
September 21 Medium 658 18.10 18.35 15.50 15.50 12.82 12.82
Small 66 21.38
129.
TABLE XI — Average Pressure Test, in Pounds, of Jonathan Fruit from Six Random Trees
by Size Groups and Weighted Average for the Size Groups at the Weekly
Harvest Intervals and During Storage. 1934.
At H arvest 1934 End of November End of Jan u ary
H arvest
D ate.




F r u i t  in  
Each S ize 
Group.
P re ssu re  





P re ssu re
T e s t.
P re ssu re  





P re ssu re
T es t.
P re ssu re  





P re ssu re







17.68 ± .1 4  













16.01 * .23  
16.68 i  .13  

















1 5 .3 0 c h .l l  
15.63 * .1 9  

















14.51 * .18  
14.98 ± .0 9  

















13.72  * ,1 3  
13.95 * .0 9  













13.63  * .0 5  
1 3 .9 4 * .1 1  







TABLE XII —w Average Pressure Test, in Pounds, of Jonathan Fruit from Five Random Trees by
Size Groups and Weighted Average for the Size Groups at the Weekly
Harvest Intervals and During Storage, 1935,
At H arvest 1935 End of November End of December
Number of P re ssu re W eighted P re ssu re Weighted P re ssu re Weighted
H arvest F ru i t F r u i t  in T est in Average T est in Average T est in Average
D ate. S ize Each S ize Pounds. of Pounds. o f Pounds, of
Group Group. P re ssu re P re ssu re P re ssu re
T est. T es t. T es t.
Large 260 1 6 .4 2 ± .19 12.94 11.42
August 29. Medium 1350 18.00*  .27 17.93 14.11 14.08 13.20 12.91
Small 145 2 0 .0 2± .37 15.88
Large 418 15 .7 6 *  .14 12.60 11.76
September 6. Medium 1151 17.06 * .1 1 16.80 13.66 13.38 12.57 12.35
Small 59 18.96  ± .03
Large 373 1 5 .1 2 *  ,23 12.30 11.50
September 12 Medium 1152 1 6 .5 3 *  .25 16.29 13.31 13.06 12.44 12.21
Small 39 20.40
Large 733 14.88  * .2 6 12.96 11,92
September 19 Medium 497 1 6 .1 4 ±  .08 15.39 13.64 13.23 12.07 11.98
Small 15
Large 282 15.78 13.95 12.80
September 26 Medium 233 16.80 16.24 13.92 13.94 14.07 13.37
Small 7
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TABLE XIII — Average E lectr ica l Maturity Tester Readings in Milliamperes x 100, of Grimes Fruit
from Six Random Trees by Size Groups and Weighted Average for the Size Groups
at the Weekly Harvest Intervals and During Storage. 1934.
At H arvest 1934 End o f November End o f December
H arvest
D ate.
F ru i t
S ize
Number of 
F r u i t  in  
Each S ize 
Group.
E le c t r i c a l  
M a tu rity  
T e s te r  
Readings 






E le c t r i c a l  
M a tu rity  
T e s te r  
Readings 






E le c t r i c a l  
M a tu rity  
T es te r 
Readings 























1 6 .2 7 i .5 8  












15.21  it .4 4  













14. 49i r .  10 
1 4 .7 1 i  .18  

















14.56  ±. 20 
14.31  ± .37  












1 2 .9 3 *  .16  






TABLE XIV — Average E lectrica l Maturity Tester Reading in Milliamperes x 100, of Grimes Fruit
from Five Random Trees by Size Groups and Weighted Average for the Size
Groups at the Weekly Harvest Intervals and During Storage, 1935*
At H arvest 1935 End of November End of December
Number of E le o tr ic a l W eighted E le c t r ic a l W eighted E le c t r i c a l Weighted
H arvest F ru i t F r u i t  in M a tu rity Average M atu rity Average M atu rity Average
D ate, S ize Each S ize T es te r E.M.T. T es te r E.M.T, T es te r E.M.T.
Group. Headings R eadings. Readings R eadings. Readings R eadings.
M illiam ps M illiam ps M illiam ps
x 100 x 100 x 100
Large 101 29.80  ^ .5 4 15.66
August 24, Medium 1750 2 9 .2 5 ^ .1 9 29.29 15.44 15.44 15.61 15.61
Small 96 29.29 + .48 :
Large 198 27.06 * .5 1 15.72
August 31. Medium 1697 26.97  ± . 49 27.04 16.03 15.89 12.64 12.64
Small 189 27.68  ± .8 2 14.80
Large 291 2 9 .8 4 ±  .47 15.20
September 7. Medium 1365 3 0 .26+  .37 30.17 15.04 15.08 11.79 11.79
Small 55 29.58  ± .8 1
Large 214 27.12 14.90 10.87
September 14 Medium 433 27.43 27.33 14.95 14.93 11,43 11.24
Small 1
Large 31 22.48 23.40
September 21 Medium 658 23.47 15.35 15.35 11.92 11.92
Small 66 23.15
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TABLE XV — Average E lectrica l Maturity Tester Readings in Milliamperes x 100, of Jonathan Fruit
From Six Random Trees by Size Groups and Weighted Average for the Size Groups at
the Weekly Harvest Intervals and During the Storage Period, 1934.
At H arvest 1934* End o f  November End o f January
H arvest
Date*
F r u i t
S ize
Number o f 
F r u i t  in  
Each S ize  
Group.
E le c t r io a l  
M a tu rity  
T e s te r  
Readings 






E le c t r i c a l  
M a tu rity  
T es te r  
Readings 






E le c t r i c a l  
M a tu rity  
T es te r 
Readings 
























16.10 1 .35  
1 5 .6 6 *  .25  

















15.18 * .2 8  
1 5 .5 1 *  .26  

















15.60 * .1 0  
1 5 .0 4 *  .2 4  

















1 4 .9 8 *  .51  
1 4 .7 9 ^ .5 5  













16 .04  * .4 9  








TABLE XVI — Average E lectr ica l Maturity Teater Readings in Milliamperes x 100, of Jonathan
Fruit from Five Random Trees by Size Groups and Weighted Average for the
Size Groups at the Weekly Harvest Intervals and During Storage, 1935.
At H arvest 1935 End of November End of December
H arvest
Date,
F r u i t
Size
Humber of 
F r u i t  in  
Each S ize 
Group,
E le c t r i c a l  
M a tu rity  
T e s te r  
Readings 






E le c t r i c a l  
M a tu rity  
T es te r 
Readings 






E le c t r i c a l  
M a tu rity  
T es te r  
Readings 













24.68 ± .  39 
24.51 ± .5 3  















28.05 ± .42  
2 8 .0 0 ± .43 













26.58  ± •40 














27.72  ± .4 6  














TABLE XVII — Development of Ground Color, a f t e r  the Magness 
and Diehl Color C hart, of Grimes F ru i t  from Six Random Trees 
by Size Groups and Weighted Average fo r  the  S ize Groups a t  










































1.66 ± *04 









1.92 ± .06 










2.22 i . 06 







2.22 ± .04  
2.19 ± .0 4 2.21
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TABLE XVIII —• Development of Ground C olor, a f t e r  th e  Magness and D iehl Color C hart, of
Grimes F r u i t  from F ive Random Trees by S ize Groups and Weighted- 
Average f o r  the  S ize  Groups a t  th e  Weekly H arvest I n te r v a ls
and During S to ra g e , 1935.
At H arvest 1935 End of November End o f December
Number of Weighted W eighted Weighted
H arvest F ru i t F r u i t  in Ground Average Ground Average Ground Average
Date* Size Each S ize Color of Ground Color o f Ground Color of Ground
Group Group. C olor. C olor. C olor.
Large 101 2.75
August 24. Medium 1750 2.26 2.26 2.49 2.50
Small 96
Large 198 2 .0 4  + .11 2 .48
August 31. Medium 1697 2.05  ± .07 2.05 2.30 2 .34 2.93 2.93
Small 189 2 .0 2 + .  11 2.52
Large 291 1 .79  ± .09 2.50
September 7. Medium 1365 1•95 ± •05 1 .94 2.59 2.57 3.30 3.30
Small 55 1 .8 7 ^ .1 6
Large 214 2 .78 3.28 3.95
September 14 Medium 433 2 .62 2.67 2.80 2.96 3.72 3.80
Small
Large 31 2.63
September 21 Medium 658 2 .78 2.80 2.75 2.75 3.18 3.18
Small 66 3.05
-L37.
TABLE XIX Development of Red Color, in  Per cen t, of 
Jonathan F ru i t  from Six Random Trees by Size Groups and 
Weighted Average fo r  the  S ize Groups a t  the Weekly




































5 .7 2 * 1 .2
5 .9 7 * 1 .9









7 .28*  .56 
7. 52 dr .53 









1 1 .4 1 * 1 .7  
9 .4 1 *  .90 









39.95± 1 .6  








53.15 * 1 .3  
3 9 .6 7 * 4 .7 45.10
TABLE XX — Development of Red Color, in  Per Cent, o f 
Jonathan F ru it  from Five Random Trees by S ize Groups 
and Weighted Average f o r  the S ize Groups a t  th e  
Weekly H arvest In te rv a ls .  1955.






Humber o f 

















7.23 ± 1 .2  
8 .34± 1 .5  









16.63d 1 .2  
16.82 i  2. 2 









29. 66 i  6.9 










52.45 i  3 .2  










TABLE XXI — Per Cent Composition on the Dry Weight Basis by Trees and Size Groups and Average fo r  the
Size Groups of C ertain  Chemical C onstituents of GrimeB F ru it a t  the  Weekly
































^6 : i8 .4 i : 81.59' "iB‘. 557 : 0 : :4Z.83: 6.53: .67:
Medium 2 $17.46: 17.93 $82.44 82.07 $31.42$ 38.38 :16.27: 8.14 47.69$ 45.26 8.55$ 7.54 .69: .68
August I  i♦  • - *  # •  4 •* *• t•
23. 26 :18.44: 81.56 i:34.43: ! 8.75$ 43.18$ 4.90$ .60$
Small _2 *18,16: 18.30 81.84 81.70 $39.73$ 37.08 $ 3.43$ 6.09 43.16$ 43.17 b  Si* 6.26 .54: .574 :16T S: $3.68 35.45: $ 18.61$ 54. 36$ 3.35$ .18:
Medium 2? :18.26: 17.34 81.74 82.66 33.85s 34.65 $17.57$ 18.24 51.42$ 52.89 6.49$ 5.06 $ .47$ .46
August t  4 *  4 •  ♦  •  • t• i« 41i #  •
30.' 4 :16.72: 83.28$ 36.15: :17.60: 53.57: 4.47$ i4 .46$
Small 27 :18.10: 17*41 81.90 82.59 34.45: 35.30 S17.45: 17.52 :52 .90: 53.24 9.74$ 7.10 $ .49! .48
22 :18.38: d l.62 TW.55: :26.0fe: $ 63.60$ 8.8?$ • 46$
Medium 33 :18.38: 18.38 81.62 81.62 38.46: 38.00 : 20.77: 26.41 89.23: 61.42 $ 3.33$ 6/07 •  44$ .45
September 9  * : : f• $
6. 22 :19.18: 80.82 36.14: :24 .09: 60.23$ 4.77$ •  42$
Small L33 i 18.94! 19.06 81.06 80.94 38.36: 37.25 :19 .45: 21.77 57.81$ 59.02 4.31$ _ 4.54 .39$ . -*40
19 :16.04! $83.96 35.16: :32 .6e: 65.76$ B.26: .41:
28 J17.08! 16.56 41 82.92 83.44 30.79: 31.94 :26.80: 29.73 57.59$ 61.68 4.25$ 4. 76 .40: .40
Sept ember : : ii► 4 t  •  9 19 •9
13. 19 $16.25$ *4 83.75 42.30: :22.23: 64.53: 4.06$ .36:
Medium 28 $17.41$
*  4















62.32: 5.49$ •  38$Small 28 :17.681 17.16 $82.32 82.84 36.06: 34 .40 ,:21.06s 25.32 57,12: 59.72 5.45: 5.47 :39: .38
11 :17.30s 44 82.70$ 34.95: :22.£8: 57.23: 2.98: .48$
Large 18 S16.46: 16.88 f4 83.54$ 83.12 38.85: 36.90 :29.49: 25.88 68.34: 62.78 2.97$ 2.98 .52: .50
September a  a9  9 49 14 •  •  *  • t9 $
20. 11 $16.18$ 4• 83.82; 32.86: $37.53$ 70.39: .97: .38:
Medium 18 $17.34$ 16.76 44 82.66: 83.24 130.48: 31.67 $31.96$ 34.74 62.44: 66.42 1.80: 1.38 .37: .38
SO $16.77; $83.33 4 :?7.34: $18.97$ 56.31: 3.74$ .69$Large 20 $17.91$ 17.34 $82.09 $ 82.66 34.14: 35.74 $20.99: 19.98 55.31: 55,81$ 4.56$ 4.15 •  62$ .66
September 4 4 •  4 1» 4• 4  ••  4 9  •  ♦  • «• ••
27. Medium 30 $16.57$ $83.43 * 38.96: :19.48: 55.44$ 3.30$ .67:
20 $17.24$ 16.90 <4182.76 $ 83.10 :36.97: 36.46 :18.92s 19.20 $55.89$ 55.66 $ 4.33$ 4.82 .70: .68
TABLE XXII —* Per Cent Composition on the Dry Weight Basis by Trees and Size Groups and Average fo r  the
Size Groups of C ertain Chemical C onstituents of Grimes F ru it A fter Storage from the 















































































































































































































































































































































TABLE XXIV —  Per Cent C om position  on th e  Dry Weight B a s ie  by Trees and S iz e  Groups and Average fo r  th e
S iz e  Groups o f  C e r ta in  Chemical C o n s t i tu e n ts  o f  Jonathan F r u i t  a t  th e  Weekly H arvest
I n t e r v a l s ,  1934 ,
H arvest F r u it Tree
T o ta l




Su b sta n ces Su crose
T o ta l  "" 
Sugars S ta rch
T ota l
N itro g en






















1 6 .2 4 1 6 .0 0
8 4 .2 4
8 3 .7 6 8 4 .0 0
4 8 .0 8
49 .29 4 8 .6 8
2 .3 4
0 .1 3 1 .2 8
5 0 .5 1
4 9 .4 2 4 9 .9 6
4 .3 1
7 .1 2 5 .7 2
.4 9




1 6 .1 8
1 6 .3 2 1 6 .2 5
8 3 .8 2
8 3 .6 8 8 3 .7 5
5 0 .0 2
38 .7 6 4 4 .5 9
0
1 1 .6 3 5 .8 6
4 9 .9 7
5 0 .3 9 5 0 .1 8
8 .6 0







1 6 .1 4 1 6 .0 3
64. b§ 
8 3 .8 6 8 3 .9 7
4 4 .5 4
33 .6 7 3 9 .1 1
2 0 .5 3
2 7 .3 2 2 3 .8 2
6 4 .6 ?
6 0 .9 9 6 2 .9 3
4 .7 4
4 .9 6 4 .8 6
• 39 






1 6 .7 9
1 6 .8 6 1 6 .8 2
8 3 .2 1
8 3 .1 4 8 3 .1 8
35 .15
40 .6 0 3 7 .8 8
2 5 .8 9
1 8 .4 4 2 2 .1 6
6 2 .0 4
5 9 .0 4 6 0 .5 4
3 .9 8
5 .3 1 4 .8 1
.4 8




1 7 .0 0
1 7 .0 0 1 7 .0 0
8 3 .0 0
8 3 .0 0 8 3 .0 0
44 .5 9  
44* 49 4 4 .5 4
1 5 .5 6
1 6 .7 8 1 6 .1 7
6 0 .1 5
6 1 .2 7 6 0 .7 1
1 .6 1
6 .0 5 3 .8 3
.5 7





1 5 .3 2 1 8 .6 1
8 4 .1 1
8 4 .6 8 8 4 .3 9
45 .5 7
46 .36 4 5 .9 6
1 § .2 5
1 9 .7 5 1 9 .5 0
6 4 .8 2
6 6 .1 1 6 5 .4 6
1 .4 3
1 .6 7 1 .5 6
fTC






1 5 .8 0
1 5 .3 5 1 5 .5 8
8 4 .2 0
84 .6 5 8 4 .4 2
44 .92
45 .1 3 4 5 .0 2
1 5 .3 2
1 6 .4 2 1 5 .8 7
6 0 .2 4
6 1 .5 5 6 0 .9 0
1 .9 8






1 6 .2 3
1 5 .2 0 1 5 .7 2
8 3 .7 7
8 4 .8 0 8 4 .2 8
4 3 .7 4
47 .50 4 5 .6 2
1 6 .0 2
1 3 .8 5 1 4 .9 4
5 9 .7 6
6 1 .3 5 6 0 .5 6
0 .3 7
1 .0 0 0 .6 8
.38




1 5 .5 0
1 5 .6 0 1 5 .5 5
8 4 .5 0
8 4 .4 0 8 4 .4 5
4 8 .3 3
4 9 .6 8 4 9 .0 0
2 0 .2 3
2 1 .9 5 2 1 .0 9
6 8 .5 6
7 1 .6 3 7 0 .1 0
2 .3 3
0 .1 2 1 .2 2
.3 7









1 5 .1 8
1 5 .9 1
1 4 .3 9
1 5 .1 8
1 5 .1 5
8 4 .8 2
84 .0 9
8 5 .6 1
8 4 .8 2
8 4 .8 5
4 9 .7 7
5 0 .8 1
5 6 .3 6
49 .7 7
5 3 .3 4
2 0 .8 0
2 3 .2 6
1 9 .2 6
2 0 .8 0
2 1 .2 6
7 0 .5 7
7 4 .0 7
7 6 .1 2
7 0 .5 7














1 5 .0 9
1 3 .2 6 1 5 .6 8
8 4 .9 1
8 3 .7 4 8 4 .3 2
3 6 .6 9
4 6 .2 3 4 1 .4 6
3 2 .6 9
2 7 .7 3 3 0 .2 1
6 9 .3 8
7 3 .9 6 7 1 .6 7
0.52"








1 5 .6 4  
1 5 .8 4 1 5 .7 4
8 4 .3 6
8 4 .1 6 8 4 .2 6
5 1 .9 5
5 0 .5 9 5 1 .2 7
1 0 .0 7
2 2 .4 0 1 6 .2 4
6 2 .0 2
7 2 .9 9 6 7 .5 0
0 .6 2
0 .0 9 0 .3 6
.5 5




1 6 .7 5  
16 . ?6 1 6 .5 0
8 3 .2 5
8 3 .7 4 8 3 .5 0
4 5 .7 6
4 4 .0 7 :4 4 .9 2
? 1 .8 9
2 4 .5 1 2 3 .2 0
6 7 .6 5
6 8 .5 8 6 8 .1 1
0 .1 3
0 .3 0 0 .2 2
.3 7






1 5 .4 7
[1 6 .1 2 1 5 .8 0
8 4 .5 3
8 3 .8 8 8 4 .2 0
5 1 .5 2
4 4 .2 1 4 7 .8 6
9 .9 1
2 6 .1 3 1 3 .0 2
6 0 .4 3
7 0 .3 4 6 5 .3 8
0 .3 1




TABLE XXV —  P er ce n t  C om position  on th e  Dry Weight B a s is  by Trees and S iz e  Groups and W eighted Average f o r  th e
S iz e  Groups o f  C e r ta in  Chemical C o n s t i tu e n ts  o f  Jonathan F r u i t  a f t e r  S torage  from th e  Time 
o f  H arvest  to  th e  End o f  November, in  R e la t io n  to  the  Time of H a r v e s t ,  1 9 3 4 .
H arvest F r u it Tree
T ota l




S u b stan ces S’ cro se

























1 6 .2 6
1 6 .1 6 1 6 .2 1
6 3 .7 4
8 3 .8 4 8 3 .7 9
4 4 .5 4
4 9 .0 0 46 .7 7
1 8 .3 6
1 8 .8 4 1 8 .6 0
6? . 90  
6 7 .8 4 6 5 .3 7
.8 1
.3 8 .5 9
.3 4




1 6 .4 6
1 6 .5 4 1 6 .5 0
8 3 .5 4
8 3 .4 6 8 3 .5 0
4 8 .0 1
4 9 .1 4 4 8 .5 8
2 0 .0 8
1 6 .3 3 1 8 .2 0
6 8 .0 9
6 5 .4 7 6 6 .7 8
.4 9
• 96 .7 2
.5 8






1 6 .7 1
1 7 .0 1 1 6 .3 6
8 3 .2 6
8 2 .9 9 8 3 .1 4
5 2 .6 5
4 5 .5 4 4 9 .1 0
1 8 .0 6
8 .4 8 1 3 .7 2
7 0 .7 1
5 4 .0 2 6 2 .3 7
.5 5
.5 0 .7 2
.5 0
.6 2 .5 6
Small
u










1 3 .4 3
1 5 .0 2
1 5 .4 8
1 4 .7 0
1 5 .2 5
8 4 .0 4
8 6 .5 7
8 4 .9 8
8 4 .5 2
8 5 .3 0
8 4 .7 5
4 7 .1 1
5 8 .8 0
4 8 .0 5
5 0 .2 6
5 2 .9 6
4 9 .1 6
1 6 .9 4
1 6 .8 9
1 8 .7 2  
I S .  28
1 6 .9 2
1 7 .5 0
6 4 .0 5
7 5 .6 9
6 6 .7 7
6 6 .5 4
6 9 .8 8
6 6 .6 6















1 5 .4 1
1 5 .7 3 1 5 .5 7
8 4 .5 9
8 4 .2 7 8 4 .4 3
4 9 .3 4
4 9 .0 4 49 .1 9
4 .0 8
1 5 .5 6 9 .8 2
5 3 .4 2
6 4 .6 0 5 9 .0 1
0 .1 9
0 .0 7 0 .1 3
.4 1










1 5 .5 0
1 6 .2 2
1 4 .7 0
1 5 .8 6
8 3 .3 0
8 4 .5 0
8 3 .7 8
8 5 .3 0
8 4 .1 4
4 6 .4 1
5 1 .9 3
5 0 .4 2
49 .41
5 1 .1 8
1 6 .5 6
2 0 .1 5
1 4 .7 9
1 6 .5 6
1 7 .4 7
6 5 .5 7
7 2 .0 8
6 5 .0 3























1 4 .9 6
1 5 .4 7
1 5 .4 0
1 5 .6 4
1 5 .2 2
1 5 .5 2
8 5 .0 4
8 4 .5 3
8 4 .6 0
8 4 .3 6
8 4 .7 8
8 4 .4 8
4 8 .6 0
3 4 .3 3
5 2 .9 4
3 5 .0 1
4 1 .4 6
4 3 .9 8
1 8 .9 2
3 4 .5 6
1 9 .1 6
3 0 .3 8
2 6 .7 4
2 4 .7 8
6 7 .5 2
6 8 .6 9
7 2 .1 0
6 5 .3 9
6 7 .9 3





















1 6 .2 4
1 7 .4 5
1 6 .1 3
1 6 .2 4
1 6 .7 9
8 3 .7 6
8 2 .5 5
8 3 .8 7
8 3 .7 6
8 3 .2 1
5 2 .3 6
5 0 .5 4
4 8 .5 7
5 2 .3 6
4 9 .5 6
2 5 .3 2
1 9 .7 9
1 0 .0 1
2 5 .3 2
1 4 .9 0
7 7 .6 8
7 0 .3 3
5 8 .5 8
7 7 .6 8












TABLE XXVI —  Per Cent C om position  on the Dry Weight B a s i s  “by Trees and S iz e  Groups and W eighted
Average f o r  th e  S i z e  Groups o f  C erta in  Chemical C o n s t i t u e n t s  o f  Jonathan F r u i t  
a f t e r  S torage  from th e  Time o f  H arvest to  the  End o f  January, in  R e la t io n
to  the Time o f  H a r v e s t ,  1934 .
H arvest
D ate ,





T o ta l




Substances : S u crose


















August 6 1 6 .1 3 6 3 .§ 7 51 .02 S17 .33 6 8 .3 5 : 0 .4 8
27, Medium 34 1 6 .7 6 1 6 .4 4 8 3 .2 4 8 3 .5 6 52.61 5 1 .8 2  : 1 4 ,0 4 1 6 .1 4 6 7 .5 5 :  6 7 .9 6 0 0 .5 4 .5 1
3 1 6 .8 6 6 5 .1 4 58 .4 4 : 6 .5 2 6 4 .9 6 : .1 3 .4 3
Medium 16 1 6 .8 6 8 3 .1 4 5 8 .4 4  : 6 .5 2 : 6 4 .9 6 .1 3 .4 3
September •• t•
3. 3 1 7 .5 1 8 2 .4 9 57.35 : 1 4 .3 4 7 1 .6 9 : .4 6 .41
Small 16 1 7 .0 0 1 7 .2 6 8 3 .0 0 8 2 .7 4 55 .77 5 6 .5 6  J 1 3 .5 8 1 3 .9 6 6 9 .3 5 :  7 0 .5 2 0 .2 3 .4 6 .4 4
1 1 6 .0 4 8 3 .$ 6 54725 : 1 7 .3 0 7 1 .5 5 : .1 0 .5 0
Large 11 1 6 .0 4 8 3 .9 6 5 4 .2 5  : 1 7 .3 0 : 7 1 .5 5 .0 5 .5 0
September •• ••
10 . 1 1 6 .2 3 8 3 .7 7 55 .08 : 1 6 .6 2 71 .7 0s 0 .4 3
Medium 11 1 6 .0 2 1 6 .1 2 8 3 .9 8 8 3 .8 6 56 .18 5 5 .6 3  : 1 5 .0 6 1 5 .8 4 7 1 .2 4 :  7 1 .4 7 0 0 .4 1 .4 2
1 1 6 .2 3 8 3 .7 7 52.81 : 1 4 .1 5 7 0 .3 3 : 0 .4 4
Small 11 1 6 .0 7 1 6 .1 5 8 3 .9 3 8 3 .8 5 54 .88 5 3 .8 4  :1 6 .5 2 1 5 .3 4 7 1 .4 0 !  6 9 .1 8 0 .0 4 0 .0 2 .4 2 .4 3
5 T57ST 84. 4§ 55 .77 :1 4 .3 5 7 0 .1 2 : 0 4 "5 6
Large 36 1 5 .5 1 8 4 .4 9 5 5 .7 7  : 1 4 .3 5 ! 7 0 .1 2 0 .5 6
September %• %•
17. 5 1 4 .9 5 8 5 .0 5 55 .40 S16.86 7 2 .2 6 ! 0 .5 2
Medium 36 1 6 .0 1 1 5 .4 8 8 3 .9 9 8 4 .5 2 54 .64 5 5 .0 3  :1 6 .6 3
•
•
1 6 .7 4 7 1 .2 7 !  7 1 .7 7
•
•
0 0 .5 0 .51
Small
5
36 1 5 .1 4 1 5 .1 4 8 4 .8 6 8 4 .8 6 61.45
•
61 .4 5  S13 .38 1 3 .3 8
t
74.83*: 7 4 .8 3 0 0 .5 0 .5 0
4 1 5 .6 6 8 4 .3 4 57 .46 • 1 5 .8 0 7 3 .2 6 ! 0 .4 4
Large 35 1 6 .6 4 1 6 .1 5 8 3 .3 6 8 3 .8 5 51 .9 2 5 4 .6 9  : 1 6 .6 6 1 6 .2 3 6 8 .5 8 :  7 0 .9 2 0 0 .4 4 .4 4
September »• ••
24. 4 1 5 .7 0 8 4 .3 0 5 8 .17 S 1 4 .9 4 7 3 .1 1 ! 0 .4 4
Medium 35 1 5 .8 3 1 5 .7 6 8 4 .1 7 8 4 .2 4 58 .44 5 8 .3 0  : 1 4 .0 6 1 4 .5 0 7 2 .5 0 :  7 2 .8 0 0 0 .4 7 .4 6
22 1 8 .0 3 8 1 .9 7 49.25 : 1 7 .7 9 6 7 .0 4 : 0 .4 4
Large 32 1 5 .9 5 1 6 .9 9 8 4 .0 5 8 3 .0 1 52 .9 7 5 1 .1 1  : 1 7 .6 ? 1 7 .7 3 7 0 .6 4 :  6 8 .8 4 0 0 .49 .4 6
O ctober •• ••
1 . 22 1 8 .2 9 8 1 .7 1 49 .50 : 1 8 .2 8 6 7 .7 8 : : 0 .4 6
Medium 32 1 6 .4 7 1 7 .3 8 8 3 .5 3 8 2 .6 2 53 .9 0 5 1 .7 0 : 1 6 .6 7 1 7 .4 8 7 0 .5 7 :  6 9 .1 3 : o 0 .4 6 .4
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